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PREFACE 

• 

The chief aim of this book is to convey, concisely and 
as simply as possible, an idea of the principal features 
of the various divisions of the material universe and 
of the more striking phenomena occurring in them. It 
is not a learned treatise, but a simple elementary study, 
a modest attempt to awaken a taste for Science among 
those who ordinarily take little interest in it. The book is 
therefore primarily intended for laymen, who cannot be 
expected to wade through a large mass of technical litera- 
ture in search of scientific information of a general charac- 
ter. It is hoped at the same time that junior students of 
Science will find in it a handy volume for casual reference. 

To start with, the subterranean wonders of Nature 
and the results of human endeavour to explore or exploit 
the depths of the earth’s crust are placed before the 
reader, and he is introduced step by step to the consti- 
tution and disposition of the rocky framework of the 
globe and to the probable physical stat% of its interior 
down to the central core. The mysteries and marvels 
of the ocean are unveiled next, inch by inch so to say, from 
a level high above its surface to its deepest floor. Short 
descriptions are given of the more important and impres- 
sive of oceanic phenomena, with explanations where 
necessary, along with references to the extent of penetra- 
tion made by man so far into the depths of the sea. The 
reader is finally taken on the wings of imagination on a 
pilgrimage, stage by stage, up the ladders of the earth and 
of the regions beyond to the ‘ Roof ’ of the Universe. Bb 
is made to fly, more often than not,* at a sharp tangent 
from one object to another, from ona place, country or 
continent to another, from the scene oijone phenomenon to 
that of another, from one milestone ig space to another, 
pnd from one heavenly body to another. With such a plan 
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of arrangement, he should not be surprised if the subjects 
of any two consecutive items in the earlier chapters are 
found to be in their nature as poles asunder. His attention 
is drawn, from time to time, during his long climb to the 
summit of the heavens, to the approximate height above 
ground or sea level or distance from the earth, as the case 
may be, of his observation*point, at which he may still 
hear certain terrestrial sounds or may feel sensations of a 
weird nature or observe objects, things and phenomena as 
multitudinous in their variety and diverse in their charac- 
ter as the universe is able to unfold. His attention is also 
drawn to points in mid-air from which any noteworthy 
feats have been accomplished and to milestones in space 
reached by disease-germs, insects, birds, airmen, unmanned 
human contrivances and other objects. 

As will be readily imagined, the materials for a book 
on so comprehensive a subject have had to be gleaned from 
numerous fields of knowledge. A considerable part of the 
material is drawn from scientific and other journals and, 
to the best knowledge of the author, is not embodied in 
books so far published. Every branch of knowledge dealt 
with or touched upon is so vast that it may well demand 
even from the sevant the undistracted and devoted labour 
of a lifetime. Under the circumstances it would be too 
much to expect that the author has been able to steer clear 
of errors. He therefore craves the indulgence of the eru- 
dite scholar and scientist in regard to any errors they may 
detect, and he will be grateful if any such are pointed out. 

Some, if not many, of the values relating to depths, 
heights, distances etc. are liable to alteration from time to 
time in the light of fresh achievements in the respective 
branches of science. It need hardly be added, therefore, 
that a work of this ^haracter will require to be revised and 
brought up to dateinnd if possible^ amplified or enlarged, 
at proper interval^ The publication of revised editions 
of this work in the future will wholly depend upon the 
measure of encouragement and support extended to it, 
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A list of the principal books and journals consulted is 
appended, as also an Index. Even a cursory glance through 
the latter should suffice to show the wide variety of the 
topics dealt with, a variety which encourages the hope 
that there will be few readers who will not find in the 
work something or other to awaken or stimulate their 
interest. 

The author is much indebted to Mr. K. R. Gunjikar, 
M. A. ( Cantab. ), B.Sc., Professor of Mathematics at the 
Royal Institute of Science, Bombay, for the trouble he took 
to go through the manuscript and for his valuable sugges- 
tions and help, especially regarding some of the astronomi- 
cal items and mathematical portions of the work ; to Rao 
Bahadur H. Narayana Rao, M.A., one-time Professor of 
Geology at the Presidency College, Madras, for his kind- 
ness in looking into such of the geological items as were 
referred to him for verification and revising them where 
necessary; to Dr. Nazir Ahmad, M.Sc., Ph.D. { Cantab. ), 
Director of the Technological Laboratory at Matunga, 
Bombay, for kindly supplying the most recent informa- 
tion respecting a few items of physics ; to Moulvi Say ad 
Sulaiman Nadvi, Director of the Shibli Academy at Azam- 
garh. United Provinces, and a distinguished Arabic scholar, 
for a list of stars bearing Arabic names with their mean- 
ings ; to MlmamsSshiromani Pandit Vaman Shastri Kinjva- 
dekar, Superintendent of the Mimamsa Vidyalaya at 
Poona, for some of the Vedic references in this book ; to 
Messrs. Ingersoll-Rand (India) Ltd., Bombay and Calcutta, 
and Messrs. Scott & Saxby, Ltd., Well-boring Engineers 
of Calcutta, for a considerable amount of information 
about Sub-artesian Wells sunk in India ; to the editor of 
the Illustrated Weekly of India, Bombay, for permission to 
give the substance of an interesting article on the aspira- 
tions of a famous rocket scientist, which appeared in that 
journal ; to the editor of Everyday & Mechanics, 

New York, for similar permission in (ponnection with an 
article in that magazine from his ow^ pen, relating to a 
remarkable scheme worked out by another noted rocket 



expert; and last but not least, to two well-known Doctors 
of Science who prefer to remain anonymous— to the one for 
revision of some items of physics, and to the other for 
similar assistance as also for his ODnsistent encouragement 
and appreciation which have sustacned the author through- 
out the arduous preparation required for a work of the 
present character based on a plan hitherto untried. 

His thanks are also due to the authorities of the 
University of Bombay for kindly allowing him the use of 
its library. 


R. K. GOLIKERE 


S2raswat Co-operative Buildings, 
G2ind2v]. 

Bombay ( Indta ) 
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Unmne designates the entu’e mass of vrotids, nith everythSog associated 
with them, comprehending all stars, planets, satellites, comets, etc regarded 
as one system Creation, In its most extended sense, is nearly synonymous 
with Universe, differing from it pnodpally in not comprehending the Great 
First Cause, and the idea of space —'John O^vte 


Was tC by mere chance that these blind parts of matter, ffoatmg in an 
immense space did, after several Justlings and rencounters, jumble them 
selves into this beautiful frame of things ? —DrJ Scott 


Creation hea before us like a glorious rainbow, but the Sun that made it 
hes behind us, hidden from us —Jean POuJ 


Nature forces on our heart a Creator 


Nature is the glass reffecting God, 

As by the sea reflected is the sun. — Yovng 


Nature is the only book that teems with meaning on every page. 

—Goethe 


The heaven, the air, the earth and boundless sea. 

Make hut one temple for the Deity -- Waller 


The umverse is the reahsed thought of God — Carfyle 


Sfy is the part of ere: 
of pleasing man, more 
teacUng him, than m 
yre least attend to bfr, 


I ^on in which Nature has done more for the sake 
the sole and evident purpose of talking to him and 
’ other of her works, end it is just the part in which 
—Ifushin 
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The material universe is a great work of art, full of design and plan, 
though I do not know what it means. That universe as a work of art 
demands a Creator, a Being who is in and of the spiritual world and, we be- 
lieve, rules that spiritual world to some purpose. — Sir Oliver Lodge 


Life is girt all round with a zodiac of sciences, the contribution of 

men who have perished to add their point of light to our sky 

These road-makers on every hand enrich us. We must extend the area 
of life and multiply our relations. We are as much gainers by finding 
a property in the old earth as by acquiring a new planet. — Emerson 


Science always goes abreast with the just elevation of the man, keeping 
step with religion and metaphysics ; or, the state of science is an index to 
our self-knowledge. — End 


Science is teaching man to know and reverence truth, and to believe that 
only so far as he knows and loves it can he Uve worthily on earth, and 
vindicate the dignity of his spirit. — Moses Harves 


Scientia nM aliud esi qmm veritaiis imago. ( Sdence is nothing bu t 
an image of the truth ). • —Bacon 


Sdenrific, like spiritual truth, has ever from the beginning been descend- 
ing from heaven to man. — Disraeli 


The greatness of God is shown in the perfection of the Universe. Study 
science and you will find how perfectly everything fits in. That is the real 
miracle of life. — fVqf. A. M. Low 


Science is an ocean. It is as open to the cock-Soat as the frigate. One 
man carries across it a freightage of ingots; gnother may fish there 
for herrings. _ Bulwer Lytton 



HINTS 

'Altitude*, 'Elevation' and 'Height* 

These ore commonly nsed by writer as almost interchangeable 
terms. In this book, os a rule, 'altitude* is used in the restricted 
sense of height above sea level which anything reaches, not on 
terra firmot bnt in the air or sky ; * elevation * in the sense of height 
above sea level at which an object is situated op any part of the 
earth’s land area or which it reaches thereon ; and * height ’ to 
denote the vertical distance risen or reached by anything above the 
surface of the earth, whether that surface is land or water, or 
whether, in the case of land, the groand lies below, at or above sea 
level. Thns a bird which soars into the air from the top of a 
monntaln cliff sitoated 2,000 ft. above sea level and later happens 
to reach a vertical distance of 300 ft. right above the cliff, has 
reached a height of 300 ft., bat an altitude of 2,300 ft. Here the 
cliff stands at an elevation of 2,000 ft. Wherever any doubt might 
arise as to the ex^t import of the term nsed, the sense is made 
clear either in the text of the item or in the Note annexed to it. 
After certain altitudes it becomes no longer necessary to observe 
these subtle distinctions, so that thereafter these terms need not 
always be interpreted in the sense defined above. 
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Easy way of remembering the values of ‘ ilHons " 


A million 


io« 



A billion 

= 

loo _ 

Latin 

bi-, twice 

A trillion 

a= 

- 


ires, three 

A quadrillion 

=S 

1016 - 

a 

quatuor, four 

A quintillion 

•= 

iQia _ 

a 

quinque, five 

A sextillion 

= 

1 

O 

M 

sex, six 

A septillion 

= 

lo*-* - 

tt 

septem, seven 

An octillion 

= 

lo” - 

]) 

octo, eight 

A nonillion 


lO^o _ 

a 

itonus, ninth ; novem, nine 

A decillion 


1036 _ 

» 

decern, ten 


It should be easy to remember the values signified by these 
terms. To find out readily how many ciphers an pillion ’ contains, 
multiply by 3 the number indicated by its prefix and add 3 to the 
product. The French notation for these ‘ illions’ has been adopted 
throughout this book, as it is found more convenient for mathematical 
purposes. 


Xvii 



There are more things in heaven and earth, Horatio, 
Than are dreamt of in yonr philosophy. 


— Shakespeare 

To recount almighty works 
What words or tongue of seraph can sufBce, 

Or heart of man suffice to comprehend ? 
c 

— Milton 



CHAPTER I . 

The Earth And Its Interior 

Bid Atlas, propping heaven, as poets feign 
His subterranean wonders spread. 

James Thomson 

According to the tidal theory of the genesis of the solar 
system, a gigantic star, hundreds of million years ago, 
approached the sun so close as to raise two enormous tides 
on the surface of the latter body. The resulting pro- 
tuberances, says Dr. Jeffreys, were greatest at those points 
of the sun which were nearest to and farthest from the 
star. ‘ When the distance between the two bodies became 
sufficiently small,’ he explains, ‘the tendency to disruption 
due to the difference between the attractions of the star on 
the two opposite sides of the sun became greater than the 
sun’s gravitation could counteract, and a portion of the 
sun was torn away. This afterwards condensed to form the 
planets and satellites.’ This theory has received wide 
support and been developed in recent years, and it is con- 
sidered probable that the matter ejected^i from the sun 
almost at once gathered into nuclei which, proceeds Jeffreys, 
‘continued to move outwards but were deflected by the 
star and thus proceeded to move around the sun in one 
direction and nearly in one plane.’ When the earth was 
born, it was in a gaseous state like the other members of 
the solar system. According to Jeffreys, again, its liquefac- 
tion must have become complete within 5,000 years of its 
formation and it probably became solid within about 10,000 
years thereafter. When the earth was still very hot and 
fluid, it is believed that it must have had a fairly uniform 
surface owing to its rotation about antexis. As it cooled, 
it contracted, and this process has called its crust to be, 
in the words of Mr. Clive Barnard, cri|npled and cracked 
and folded in the same way as the peel o%p long-stored apple 
wrinkles owing to the shrinkage of the substance of the 
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fruit. During this long process the weaker parts of the 
crust which lay deep underground have been forced up to 
the surface. The age of the earth as estimated by Jef- 
freys is between 1,300 million and 3 billion years. 

We shall now deal briefly with the composition of the 
earth’s crust. The materials of which it is composed are 
called by the general name of rocks, a term wide enough in 
its scope to include the hardest granite as well as the 
softest clay. The rocks formed at the earliest period in the 
earth’s history occupy the deepest portion of the crust, and 
their characters indicate that they must have been formed 
under intense heat and pressure at a time when the earth 
was so hot that its water had probably not yet been 
differentiated. These rocks are known as Azoic (Gr. a, 
negative, zoe, life), since they are destitute of any vestige 
of organic life. Above this zone which forms the core of 
the crust are found rocks of another class in which are 
embedded the remains of plant and animal organisms, a 
fact which leads to the inference that by this time the 
earth had sufficiently cooled at the surface, its water.vapour 
had condensed and life had already appeared on the globe. 
In accordance with the age or character of the organic 
remains embedded in these rocks, geologists classify the 
variouszonesof strata as follows: (1) Palaeozoic {Gr.palaios, 
ancient, zoe, life) or Primary, the lowest division of stratified 
groups, (2) Mesozoic ( Gr. mesos, middle ) or Secondary, 
(3) Cainozoic (Gr. kainos, recent) or Tertiary, and (4) Post- 
Tertiary or More Recent. These classifications in turn 
have their respective subdivisions. We may digress here 
for a while to show how these different divisions are 
associated with the Ages of the respective forms of animal 
life that appeared on the earth in the long course of life’s 
evolution and culminated in its crowning piece, the most 
highly organized form of life— Man. 

n' 1 Ageof/nvertebrates ) These include ancient 

i^alaeoz ic j- Ageof |''ishesandAniphibia ) andextmctformsof life. 
Mesozoic — Age oyReptilesand Birds, intermediate forms of life. 

Cainozoic — Age (f Mammals, exhibiting recent forms of life 

other than Man* 
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Post-Tertiary— Age of Man. 

Then, that no region of the universe 
Should void of life remain, 

The seas became th’ abode of glittering fish, 

Earth took the%easts and mobile air the birds. 

A holier animal was wanting sfa'Il 
TOth mind of wider grasp, and fit to rule 
The rest. Then man was bom. 

0\TD: Mciatnorphoscs 

As applied to India, the Palaeozoic division is associated 
vrfth the Dravidian Epoch, and the Mesozoic and Cainozoic 
ilivisions with the Arj^an Epoch. 

Those rocks that have been formed by the consolida- 
tion of molten masses, molten because of the intense heat 
in the earth’s interior, are termed igneous rocks. The liquid 
substance within the earth’s crust that finally solidifies as 
rock is called magma. Those igneous rocks which have 
gradually cooled at considerable depths under high 
pressure are called Plutonic or abyssal rocks, and those that 
have been thrown up to the surface and solidified more 
quickly are known as volcanic, eruptive or effusive rocks. 
Granite is an example of the plutonic type. Rocks formed 
fay the consolidation of the coulees or lava-flows from 
.volcanoes come under the second type, ^ which basalt 
affords an instance. Besides these two, there is a third 
type which is structurally intermediate between them. 
They have risen far up but failed to reach the surface, and 
have consoh'dated in fissures at no great depth. These 
are called intrusive or hypabyssal rocks. 

We come next to what are classed as aqueous rocks. 
The broken or loosened fragments of the rocks already 
consolidated on dry land often go to form what are known 
as fragmental or detrital rocks. As examples of these may 
be mentioned siliceous rocks like co7iglomerate or pudding- 
.stone— large, rounded fragments consolidated from gravel— 
and sandstone, and argillaceous or clay- focks like claystone, 
mudstone, shale, and slate which is forn ed by clay subjected 
to enormous compression by earth movements. Hugequanti- 
.ties of the ancient rocks, when exposed to the surface. 
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slowly wear away by the action of rain and rivers arid 
through other agencies, and their debris or waste material 
is carried in suspension by the water until at last it settles 
down in vast quantities. In this way sediment is deposited 
in layers called strata, and it gradually integrates into a 
solid mass under the pressure of the later formed overlying 
sediment. Rocks thus formed are called sedimentary or 
stratified. Though in their origin superficial, they may be 
taken underground as the result of earth movements. 
Similarly, underground forces at times bring about a re* 
verse movement in some rocks. The familiar granite, 
though in its origin deep-seated, may and does appear at 
the surface as the result of the combined action of earth 
movements and the removal of the overlying mantle of 
rock by surface or atmospheric agencies. There is another 
group of aqueous rocks called organic, which are formed, 
not "from the refuse of ancient rocks but mainly by the 
agency of vegetable and animal life. Organic rocks are 
sub-divided into two sections: calcareotts— those formed by 
the agency of animal life ; and carbonaceous— ^those formed by 
the agency of plant organisms. Calcareous rocks are com- 
posed for the greater part of shells and the debris of shells 
of countless minute animals that once lived in the ocean. 
■With their death their remains descended to the bottom 
and petrified there in the long course of time. Some spe- 
cies of limestone which include chalk, the softest and finest 
variety of limestone, belong to this section. Of carbona- 
ceous rocks coal is the most important example. It is 
formed from vast masses of vegetable matter which lay 
buried for ages under sedimentary deposits and were there 
subjected to pressure, heat and chemical action. Some- 
times the organic remains of animal and vegetable life be- 
come embedded in the strata of the sedimentary layer and 
either remain there. partially preserved or become petrified. 
Such remains are t/rmed fossils. Chalk strata are charac- 
terized by remarkeyble fossils, the most distinctive being 
the giant lizards 01/ reptiles of the Secondary Epoch such 
ps the iguanadon,^vhe megalosaurus and the pterodactyl, 
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Of vegetable fossils coal furnishes a' typical . example. 
There is yet another group of rocks the materials where'Of 
are generally minerals obtained from other rocks by che- 
mical agency. Rock-salt and certain kinds of limestone 
and iron ore come under this group. 

All this information about rocks, tedious though it 
may appear, is essential for even an elementary idea of the 
nature of the earth’s crust, and besides, many of the tech- 
nical terms used appear in later explanations. This may 
not be exactly a wonderland, but we hope our fellow-pil- 
grims will not suspect that we take this rather circuitous 
route to regions higher up merely to show that the path 
to heaven is rugged ! 

There is a black opaque mineral with resinous lustre, 
called Tachylyte, which occurs in trap-rock, a sub-species 
of the igneous class, and was formed for the first time at 
an age somewhere between the periods of the formation of 
granite and the ancient volcanic rocks. In very thin sec- 
tions it is brown and translucent. It derives its name from 
the ease with which it fuses under the common blow-pipe. 
The conditions under which it is found indicate that it has 
been formed by the rapid cooling of what was originally 
basalt in a magmatic state. Owing to its,,glassy appear- 
ance it is also called Glassy Basalt. It constitutes practi- 
cally the whole content of the lava erupted by volcanoes as 
in the Hawaii Islands, and is ejected also in the form of 
cinders or scoriae by basaltic volcanoes like those of Ice- 
land, Stromboli and Etna. Another important sub-species 
of igneous rock is the Diorite, a crystalline granular rock. 

Certain rocks contain a mineral called chrysolite, a 
yellow or green predous stone, of which olivine, a mineral 
of olive-green colour, is a sub-species. Chrysolite and its 
sub-species are harder than glass, but not so hard as 
quartz, and are often transparent but sometimes only 
translucent. There is a rock named P|ridotite of plutonic 
origin which is composed chiefly of oliwne but has a dark 
colour. A sub-species of peridotite nan^ Dunite shows in 
its composition a considerable prepoiroerance of olivine 
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over all other minerals, so that it is an almost pure olivine 
rock. 

The igneous and sedimentary rocks have in many cases 
greatly altered their nature under the influence of sub- 
terranean heat, high pressure, efirth movements or other_ 
forces. They are then called metamorphic rocks, and the 
change undergone by them is known as ineiamorphism. 
They generally occur in a less or more crystalline state. 
For instance, quartzite is a crystalline species of sandstone, 
and marble a compact crystalline variety of limestone. 
The most widely distributed rocks of the metamorphic 
type are gneiss and schist, j The crystalline layers of the 
latter rock are closely set and easily split, while those of 
the former, which is a metamorphosed form of granite, are 
of coarser grain and not so distinct. Eclogite, an important 
kind of rock, is considered to be normally derived from 
rocks of basaltic composition by metamorphism at great 
pressures. It consists largely of garnets, the red variety, 
and among the other minerals present the principal one is 
smaragdite, a mineral of light grass green colour. 

Professor Reginald A. Daly puts forward the theory that 
the crust below the ocean must be composed of rocks 
different from^lhose which constitute the continents, for 
the reason that not even a single piece of granite has so 
far been found in any of the hundreds of volcanic islands 
in the Central Pacific, a quarter of the area of the whole 
earth. It is probable that the suboceanic crust is made up 
of denser materials than those below the continents. This 
view is based on what is called the principle of isostasy. 
Since over 7/lOths of the earth’s surface consists of water— 
and this is mostly concentrated in the southern hemis- 
phere— the globe would be ‘top-heavy’, that is, would not be 
in stable equilibrium as it rotates, if the materials below the 
ocean were not denser than those under the continents. 
This equilibrium i? called isostatic eqtitltbritim. 

That branch ofl geology which is concerned with the 
composition and wissification of rocks is called pej^logy, 
and the department of biplogy which treats of fpssU organic 
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remains, d. branch in which .both geologists and biologists 
are equally interested, is known as palaeontology. But there 
are wheels within wheels. That sectioli of the last-named 
science which deals with the fossil remains of animal 
organisms is termed ps^aeozoology, and the sub-branch 
which concerns itself with fossil plants or vegetable 
remains is named palaeophytology or palaeobotany. 
^The earth’s equatorial diameter is 7,927 miles, polar 
diameter 7,900 miles and mean diameter 7,918 miles. The 
earth is flattened at the Poles and bulged at the Equator 
and in shape, therefore, it is an oblate spheroid. As its 
surface is curved, the distance from Pole to Pole is re- 
presented by the length of a semi-circumference connecting 
the two Poles and amounts to about 12,414 miles. The 
superficial area of the whole earth is 199,199,625 sq. miles, 
of which the land area measures 58,160,938 and the water 
area 141,038,687 sq. miles. The earth thvs consists of 
about 29 per cent land and 71 per cent water. 

With these brief introductory remarks about the earth, 
its origin, constitution etc., we start on our great pilgrim- 
age through the universe. We propose first to pierce the 
crust and descend deep down to the bowels of the earth. 
But, before doing so, let us hark back to l^e poet’s lines 
quoted at the head of this chapter. Has Atlas any subter- 
ranean wonders to reveal ? If so, let us see if there are 
any which we can visit and study without bringing our 
boring tools and instruments into operation ! 

( 1 ) An idea suddenly flashes across our mind. We remember 
•what we learnt in our school-days— that there is a mountain chain 
in northern Africa named after that mighty Titan of Greek mytho- 
logy. We decide to commence our subterranean pilgrimage from 
the plateau of one of these mountains. On arriving there we make 
a cursory survey of the ground. ^Ve observe a number of small 
pits covering the region and go down one of them. We find to our 
surprise distinct evidences that they are not natural, and are begin- 
ning to wonder what we may come across at the bottom, when 
hark, a chorus of angry voices evidently sweai»g at us trespassers 
suddenly assails our ears 1 What marvel is u that Atlas, has. in 
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Store for us at so early a stage ? What on earth could these pits 
represent ? 

Underground dwellings of the world's | 
strange tribe of 'Hole-men^ I 12 is ft 

Note — Incredible as It may seem there Is a place in the world whose 
population, numbering no fewer than 11 SOO live in holes ! It Is the ‘town’ 
of Matamata, 3 sq miles in extent lying In the Atlas Mountains The 
whole territory is covered with circular tunnels, 12 to 15 ft. deep, which are 
provided with steps leading to the underground town. Rooms have been dug 
in hard clay These hole-men are sportingly called ’climbing tfoSlcdyta', a 
Greek term meaning 'cave-dwellers This is not the only place in northern 
Africa where hole men are to be found In the Sahara Desert, two miles 
from Taouden] a town very difficult of access, is a group of salt mines called 
‘The Hell of the Salt’, worked by slaves. These workers dwell in holes dug 
just under the ground levcL Two intrepid Frenchmen who recently visited 
the place entered one of these holes out of cunosity and in so doing had to 
bow low and in places even to creep These discoveries remind us of those 
prehistoric races of the earlier and the more recent periods of the Stone Age 
who, archaeologists tell us, lived tn caves and subsisted on shell fish and the 
flesh of wild animals and about whose physical appearance and social 
habits some interesting literature, accompanied by illustrations, appeared 
is certain journals a few years ago Out we were hardly prepared for the 
discovery that some of their ‘ancestots’—or rather a whole colony of them— 
were stiU u the land of the Ivmg I 

Africa IS a museum of prehistoric ethnological exhibits. For, while the 
North bolds up the^ hole men as a liviDg wonder of the world, specimens 
that mark, from the habitation point of view at any rate, the next st^e in 
the evolution of the human race have been found in the East There is a 
tribe in East Africa Avhose members live in caves high up on the mountain 
side Mr A Copping a Bntish traveller, paid a visit to these interesting 
cave men in 1931 They have been living for generations in these primitive 
dwellings, aiming at no higher ovilization 

Herodotus (born about 434 B c ) telis us of a race of Troglodyte Ethio- 
pians iQ inner Africa, “very swift of foot, living on hrards and creeping 
things and with a speech like the screech of an owl ’ The present-day hole- 
men and cave men of Africa must have a long history behind them extending 
over a countless number of years 

It may not be generally known that n number of people, though for 
Bpecial reasons, used to U/e m holes a few centuries ago in no less a country 
than England During the reign of the Tudors and the early Stuarts the 
great Wmdsor forest war infested with wolves, which had become so great 
8 terror that many of /ne peasants in this region dwelt in holes m the 
ground as a measure ofprotectionl 
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(2) World’s Largest Subterranean Lake yet I ^ 
discovered : Distance underground j 

Note.— Brief particulars of this lake appear in The Sphere of 5th Decem- 
ber 193L It was discovered only in that year by a party consisting of Profes- 
sor Alviani of Trieste and two ^er scientists. The lake lies near the Grotto 
of Postumia in Italy and is 300 ft. long and 180 ft broad.- The route is a 
most arduous one and had to be negotiated by a rope-ladder. The last por- 
tion of the path being extremely narrow, the party had to crawl along a pas- 
sage barely 2 ft. high. The lake is remarkable not only for its size, but also 
for the slope of its roof which varies from 2 to 150 ft above the water 
surface. 

(3) World’s most remarkable Subter-"! 

ranean Rivulet— Echo River near the [- - 

Ruins of Kentucky. U.S.A. J 

Note.— It is a brook about J mile long. 'According to the Encyel. Br. 
( 1929), it is 20 to 200 ft broad and 10 to 40 ft deep, and is covered by a 
symmetrical vault 19 to 35 ft. high. ‘It is famous for the resonance of the 
tones given out by its vibrant stone which reverberate for from 10 to 30 
seconds along its vaulted gallery.’ Boats can traverse this stream for half 
a mile, says The Sphere of 5th December 1931, and a ride over its clear 
waters is one of the most um'que experiences in the world. ‘Nowhere else 
can it be duplicated. Nearly aU the river is one vast resonating chamber.' 

A river sometimes abruptly plunges into a vertical pit or cleft and re- 
sumes its course in a cavern below. A notable example occurs at Ingles- 
borough in Yorkshire. Here the river, after hurling itself into Gaping Ghyll, 
365 ft. deep, flows underground to a considerable distance until it emerges 
again from a cavern known as Clapham Cave. ^ 

(4) World’s most wonderful Subterranean ) About 690 ft. 

natural Pillared Halls J underground 

Note. — A discovery of great interest was made in 1931 in the Gorges 
du Verdon on the southern boundary of the Basses Alpes (Lower Alps) 
Department of France. These gorges have long been famous for their pic- 
turesque precipices, many of which are still unexplored. In 1931 the Mayor 
of Eguilles with a small party went on an exploration trip to this region. 
They found by means of a lead line a shelf of rock at a depth of 75 ft. and 
went down to it There they discovered a deep pit walled by massive rocks 
and descended into it to a depth of 120 ft Coming back to the top they Set 
up a depot of ropes, rope-ladders, axes and powerful acetylene flares. The 
Mayor let himself down again about 240 ft and established there another 
store of climbing equipment He went down alone into the dark depths for 
a distance of 450 ft On ah’ghling he discovered (he entrance to a magnifi- 
cent cave containing five great halls ‘pillared by white stalactites’, and he 
describes it as ‘a veritable fairyland palace’. ft 

StalaclHcs are conical or cylindrical fragments Ringing from the roof of 
a cavern and produced by the filtration of water in tyhich particles of lime- 

2 
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etone nrc euspcnded, through fiseurea and pores In the rocks. Wlicn the water 
evaporates, it leaves behind a calcareous deposit which, owing to continued 
trickling of tvater, gratlually becomes a pendent mus like an lade. Seme cf 
the \vatcr drops on the floor and results in the lormation of similar masses 
which are kno\vn as ttalagnnies These sometimes form ointinuous sheets 
and often nsc in conical masses which meCt and blend with the pendants 
above When the stalactites and stabgmites are bo fused together, they are 
called sta!aclilic columns It must be columns so formed that 'pillar' the sub 
terrancan balls described above. 

There arc also stabctites of tee Tliey often dosely resemble those in 
limestone cates and are found in the great ice caves which occur in the 
Arctic and Antarctic regions. 

While there are numerous stalactite caves in the world only ore is 
known which contains coloured stahaltes. It is the ‘Fairy Grottoes' near 
the old aty of Scalfeld on the river Saale in Thunngia Central Germany 
Among its other attractions arc a number of mineral springs, some of which 
are strongly radio-activ c * which have been used for some years with excel 
lent results In the treatment of gout rheumatism and nervous disorders. It 
was assumed that radium emanation must also be proceeding from the rocks 
through which this spring water flows, and tests conducted through a whole 
Winter revealed a lugh degree of radiO'activity in the air in one cave con- 
nected with the uppermost of the three levels of the grottoes. This caTc is 
now being equipp^ *is an cmanatonum' as It is called, and w ill be Use first 
subterranean health resort in the world 


( 5 ) 


Bombay’s nearest Arlesian Well— the 
one at Viramgam, Ahmedabad District 


Depth 776 ft 


Note —Ad artesian well is a deep, vertical cylindrical hole bored into 
the ground through a senes of Blrata to a water bearing stratum composed of 
sand, sandstone, chalk or other calcareous matenal, and enclosed between 
two impervious layers of day Wells of this dass arc usually sunk in areas 
where the underground pierrocable stratum is bent into a basin shaped curve 
and'erops out at the surface of the ground. Rain water falling on the exposed 
edges of such a layer percolates through the porous bed and collects at the 
bottom of the basin, forming an underground reservoir, so that when the 
bonng instrument reaches this pool, the water rises in a constant stream to 
the surface of the soil by natural hydrostatic pressure and generally spouts 
up several feet above it A brief description of the type of dnH commonly 
nowadays in sinking artesian wells appears In the next item The bor 
ing of wells of this dass is cot always easy work. The dnlhng rod some- 
times breaks after piercing a great depth and the removal of the broken 
parts which is necessary fo permit of deeper penetration, is extremely labon 
ous and sometimes impossible. 

Artesian wells have been bored m ancient times by primitive methods 
in several countnes an^^listmct traces of them have b^n found in China, 
* For explanatloa of this term vUe Chapter Vi Item 1 
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Persia, Turkey, Egypt and even in the great Sahara Desert Springs of this 
class have been sunk daring the past 100 years in various parts of the 
world. The French Government has bored a number of tliem in Sahara in 
the vicinity of Algeria, to depths of 150 to 800 ft. The Sahara Artesian 
Basin suppUes over 100 million rallons of water per day, and several barren 
tracts have been converted ina fertile land through these wells. From 
some of the subterranean pools which feed these wells the water brings up 
small fish, river-crabs and fresh-water molluscs. 

The number of artesian springs bored in India is very small, though we 
have no information as to their approximate number. Nor have we been 
able to ascertain the depth to which the deepest of them has been 
sunk. The artesian well nearest to Bombay is the one at Viramgam, a sta- 
tion on the B. B. & C. I. Railway, 350 miles to the north. It vras sunk in 
1915-16. The water comes up at a temperature of 40° C. (104° F.), which 
remains constant 

(6) Deepest-known Sub-artesian or Bore"^ 

Well sunlr for water in India— the one }- 935 ft 

at Mehsana, Baroda State J 

Note 

This well belongs to tlie B. B. & C. I. Railway and was bored 
in 1927. It is 6 in. in diameter throughout and supplies 10,000 
gallons per hour. Of late years hundreds of wells have been drilled 
for water in different parts of India. Two 8-inch wells, each 500 ft. 
deep, were bored in the Alltali Works at Dhrangadhra, Kathiawar, 
in 1927. They yield more than half a million gallon^per day, sufficient 
for the entire requirements of the Works. Similar wells have been 
Snnk for industrial and agricultural purposes in the Dhrangadhra 
State. At Luvaria Farm, a 4-inch well, 300 ft. deep, gives a supply 
of 20,000 gallons an hour throughout the year, and the yield from 
another at the near-by Huzur Palace is 10,000 gallons per hour. 
A large number of small bore holes have also been put down in the 
kitchens and bath-rooms of houses in many parts of Kathiawar, 
particularly in places like Dhoraji and Batwa, where there is a large 
Mahomedan population. These wells are highly appreciated by 
purdah families. The Industrial Engineering Section of Madras, a 
Department vMch has been in e.xistence for.^some years, has sunk 
at least 41 bore wells in the Presidency— 20 in South Arcot District, 
10 in East Godavari, 9 in West Godavari and 2 in Vizagapatam 
District. In a single village, Kavanur, a sta|^on on the M. & S. M. 
Railway, there are S suck wells within a few yards of one anotherj 
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and it IS stated that they yield the second lai^est sab artesian supply 
of water in the world The Department of Industries & Commerce 
in Mysore State has, in consultation with the Agricultural Depart 
ment, been active during the last few years m boring wells in various 
areas which used to suffer from scarcity of water The number of 
such wells in the State sunk up to the end of June 1931 was 140, 
their aggregate depth being 12,658 ft , an averse of 90 ft per well, 
and the total amount spent on them being Rs 111,962 or an 
average of Rs &-13-6 per fool of depth 5 wells bored at Tiptur 
yield 14,000 gallons an hour In the town of Dodballapur 3 wells 
have been sunk, and a scheme has been prepared for pumping out 
water by air lift, a system briefly described later, and the motive 
power will be electricity The bore wells of Madras and Mysore 
have been instrumental in bringing thousands of acres under culti 
vation and providing several places with an abundant supply of good 
drinking water all the year round The second deepest bore well m 
India IS the one at Rawalpindi (Punjab) which belongs to the North 
Western Railway It is 900 ft in depth The same Railway has 
sunk elsewhere a 10 in well which yields 48,000 gallons per hour. 
A large number of bore wells have been sunk also by the Punjab 
Government 

We do not know the approximate number of bore wells sunk 
for wmter in the vfhole of India, but we have been able to ascertain 
that the total number exceeds 1,200 One leading Arm of Bonng 
Engineers and Contractors at Calcutta alone has sunk up to the end 
of May 1932 more than 600 wells in various parts of the country, 
from which over 36 million gallons of water are being pumped daily 
The depths of these wells range from 100 to 450 ft. The water in most 
cases rises to witbm 30 ft of the surfoce, so that the pumps here 
do not require to be carried to any great depth Two artesian wells 
sunk by this Arm in Sylhet (Assam) to a depth of 280 ft yield 
each about 2,700 gallons an hour, the water rising 15 ft above ground 
level These extensive bore holes have been sunk for the use of 
Cotton, Jute, Paper and Rice Mills, Engineering, Steel, Gas, Pamt 
and Chemical Works, Si^ar, Ice and Aerated Water Factories, 
Oil Depots, Tea Gardens, Banks, Clubs, Colleges, Hospitals, 
MumcipalitieSjRailw^s, Docks, Golf and Race Courses, Canton 
mcnts, Construction Camps and pnvate residences. 
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Tha deepest vrater-Trell drilled in Asia tbat vre have heard o! 
is the one at Aden. It?ras completed in 1923 and is 1,655 ft in 
depth- Its npper portion is S in. and lovrer one 6 in. in diameter. 
At the time of completion its yield rras 8,033 gallons an honr. Trro 
very deep veils bored by the Ilcrth-Westem Railvray in Baluchistan 
deserve mention. One simated at I^tahir is 1,-10 ft. deep, and 
the other at Damboli is 1,5S5 ft in depth. 

More than 4,003 snb-artesian vails have been bored in Queens- 
land and the central lovlands or Anstralio, some cf them to depths 
of over 4,000 ft. The temperatures at the points of issue vary from 
22°C. ( 72^ F.) to boiling point. It is possible that still deeper araier- 
vells eodst in America, for in some cases very deep borings snnk 
for oil have jnelded only vater. 

0ns or the most improved types of drill used novradays for all 
borirrg pnrxxises is the ‘Caiya’ Core Drill of the Ingersoll-Rand 
Company cf Nev York, vhich has in recent years come into vide 
use in boring veils for vater in Irrdia. Different classes of it are 
available to suit the paver used todrive the drill — ^haird-pover, steam- 
pwver, gasolene-po ver or electric pover. One part of this instrument, 
the boring rod, vhich is hohov, performs the drilling vork. As 
the operation progresses, vater is pumped in thrmigh the holiov 
rod and into the other inner part of the drill, a cylindrical tucfi 
called the core barrel. As the cutter or shot bit— *.’hichsver cf the 
tvo is used — rotates, it cuts a drcular groove into the material under 
it The vater passes from the core barrel, under the bit or cutter, 
and rushes up through the space left around the barrel by fee clear- 
ance on the bit, carrying vith it the debris collected. WTen the 
top of the ‘calyx’ is reached, the upvard speed cf the vater is consi- 
derably reduced on account cf the vider passage afforded around the 
boring rod. At this point the heavier cuttings conveyed fay fee 
vater drop into the'calju:’ on top of the core barrel plug. As the b:t 
goes deeper underground, a cylindrical mass or core of the material 
drilled rises through the holiov bit into the core barrel, ’ft nen this 
barrel becomes nearly full, the core is broken off, and the core barrel 
along vith the bit and the ‘calyx’ is hoisted to the surface. After 
the core and ‘calyx’ cuttings are removed, a length of boring rod is 
attached if necessary, the string of tools lover^ into the bole and 
the process of drilling rsumed- Where tbs hole kzs bsen started 
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throagh an over layer of earth, gravel, sand or other soft materul, 
strong fron ptpes ore driven into the bore bole as far domi as neces* 
sary, so that it may remain open. After a certain depth has been 
penetrated, the pipe is either driven or rotated down according to 
whichever method is considered preferSble. 

The ‘Calyx’ Drill has been able to cot its way through any material 
so far encountered by it It has burrowed its way through 
formations ranging from clay, shale, coal, slate, sandstone, limestone, 
and marble of almost every degree of hardness to granite, quartz rock, 
jasper and even corundum, n crystalline mineral inferior only to the 
diamond in hardness, found in India and China. 

The cost of boring of coarse varies with the nature of the soil 
and sub stmta, but it has been found to be considerably less than m 
the case of an open well dug lo the same area In the villages of 
Bikaner State (Rajpntana), for example, the hand dug wells .am 
from 100 to 400 ft deep, and bore wells here \\ouId ha\c been 
much cheaper, Such wells are particularly useful in regions where 
the water bearing stratum lies too deep to be tapped by an ordinary 
hand dog well Occasionally, however, even very deep bonng fails 
^0 strike a water zone At Amballa Cantonment (Punjab) the 
Military authorities carried the drill to 1,612 ft, but without success 

In a sub artesian or bore well, unlike an artesian well, as will 
have been notice^ the water rises only op to a certam level, as the 
undeiground pressure which brings it up is not high enough to force 
up the water to the surface, so that it has to be pumped out for use. 
j'or pumping out a certam quantity in a given time, particularly 
where there is a group of bore wells, the Air Lift system perfected 
ty the Ingersoll'Raud Company has been found to yield excellent 
results. The advantages of this system are that the yield of a well 
is often increased and the extensive aeration to which the water is 
subjected by compressed air adds to its purity. The mam equipment 
for an Au Lift Pump mstallation consists of an air compressor, air 
Receiver, air pipe lines and a pump or foot piece. The last named 
device is used for connecting the air pipe with the discharge pipe in 
a well and also as a medium for admitting compressed air mto a 
column of water. 

In many countn|& there are la^e alluvial tracts— areas in river 
valleys and plains built up of thick accumulations and deposits of 
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sediment in the form of gravel, sand and occasionally clay, laid down 
by rivers when they overflow their banks. Most’ bore wells . in 
India are sunlc in alluvial tracts. When a wellls to be sunlc in such 
an area, the method employed is to sinlc casing pipes down to the 
water-bearing bed to prevent ^he soft strata caving in and choking 
the hole. As soon as water is struck, tubing consisting of various 
types of strainers is lowered into the bore hole and the casing 
withdrawn. Bore w’ells sunk in alluvial tracts are also called Tube 
Wells. Drilling to a maximum depth of 500 ft. is generally 
sufficient to reach the water-bearing stratum in these cases. Many 
tube w^ells have been sunk in the Gangetic Delta, each supplying up 
to 60,000 gallons an hour. In India chiefly, ‘bora well’ and ‘ tube 
weir are used as more or less interchangeable terms. In England, 
barring of course tlie river-plains — the dales and holms — which are 
alluvial, the strata are hard and do not cave in, so that the walls of 
a bore hole in that country remain intact and do not require to be 
cased. No strainers are used there, as the water is obtained from 
fissures in sandstone, limestone or chalk beds. Wells drilled in 
such hard formations can therefore be more properly called Bore 
Wells than Tube Wells. 

Our object in giving all these particulars is to furnish as much 
information on the' subject as possible within the limited compass 
of a book of the present kind and to stimulate public interest in 
India in the water-well boring industry which has come to stay 
in this country. There are large arid tracts, especially in the Deccan, 
Sindh and Rajputana, where an extensive sinking of such wells is 
sure to afford great relief to a population suffering for a considerable 
part of the year from scarcity of water. 

There is still another class of wells known as Abyssinian Tube 
Wells. These can be sunk only in soft ground to depths of not more 
tlian 30 to 40 ft. They are usually 2 inches in diameter. They are 
successful only where the water-bearing bed exists at a shallow depth. 
The apparatus used is a cylindrical iron tuba with a sharp point 
of solid tempered steel. The tube is perforated immediately above 
this point with a number of small holes. It is driven into the ground 
by means of a rammer or monkey till indicatic^s of water appear/ 
when a small suction-pump is applied to the tube and the watej? 
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pumped up With this apparatus ody a temporary supply of TOter 
can be obtamed. 

Borings for oil, considerably deeper than the holes drilled for 
water, have been earned out in Indn^y tlie Attock Oil Co , Ltd. 
in their oil field at Khaur near Raur-alpmdi About 5 wells here 
ha\ e reached depths of 4,600-4,800 ft * 

(7) Greatest Depth underground at which an"] 

‘ Icy Air Well ’ or fngid compressed air [• 1 171 ft 
hasbeenmet within the course of drilling J 

Note— Seven years ago, while searchiDB for oil near Texas U S A.the 
drillers eneouatered a rush of tce-cotd compressed air, which spurted up 
from a well and continued to exude steadily Later on another oil well in 
the same area was found to send out the same remarkable product A third 
well has been recently discovered m this region This time the ' icy air 
well was tapped at a depth of 1 171 ft TTie flow will be harnessed to sup- 
ply power for boilers m the local industrial plants m place of steam and wiH 
also be utilized for refrigeration of vegetables and other articles of food It 
has been found that in the hot season when the temperature at the surface 
was 90® to 100® F (32 2®to3"8® C ) the compressed air from the other 
two wells stood below zero 

More recently prospectors in America found to their surprise streams 
of carbonic aad gas gus^cg out of several wells drilled in search of oil and 
free natural gas in the desert regions of Western Colorado and Eastern Utah. 

(8) World’s Deepest and Largest Subter 
raneaB Cave— the Carlsbad Caverns in 
New Mexico, USA 

Note— Wc leam from i’opjftor 5hoi« Monthly of June 1930 that an 
expcdibon consisting of twelve explorers and saentists led by Mr Frank 
Ernest N cholson, author and traveller visited these caverns m that year 
and spent several weeks underground Pcscendmg by ropes into what was 
known for a long time as the ‘Bottomless Pit . they found it to be a dark 
abyss 300 ft deep with a dry mer bed for its floor Elsewhere in the cave 
they went down 1,350 ft underground the lowest level of its floor, and thus 
discovered it to be the deepest natural cavern explored Among other 
objects of saentific interest, they found in the cave glistening stalactites and 
calc spar crystals in variety and abundance. Wearing special helmets as a 
protection from the falling pieces of the stalactites the explorers added 
about 10 miles of new passages to the 23 miles already well known. The 
most famous of the caverns, 750 ft. below ground level is 'The Giants Ilall, 
which is probably the largest natural subterranean hall in the world It Is 
no less than half a mile in length and 343 ft in height with a maximum 
breadth of 400 ft Tl|$se caverns were formed by the action of subter 
lanean waters m dissolving and eroding beds of rock salt and limestone. 


UOO 1350 ft 
I underground 
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Another wonderful example of the wearing influences on limestone 
rocks, of water moving underground, is the great Mammoth Cave in Central 
Kentucky, U.S.A. Though tlie whole cave encloses an area of only about 
80 sq. miles, scores of winding passages with domes, chambers and pits have 
been excavated to a collectiye ejrient of 150 miles without allowing for those 
which still remain to be explored? The main cave has its entrance in a 
forest ravine half a mile from Green River along whose banks open numer- 
ous passages of the cave. It varies from 40 to 300 ft. in width, and without 
including the subsidiary caverns and their branches extends to a length of 
4 miles. The roof is 35 to 125 ft. in height. Picturesque cascades, lakelets 
and murmuring runnels, shining stalactites, stalagmites and sfaiactitic 
columns, sparkling floriform crystals of calcareous spar, all these add to the 
magnificence and charm of this wonderful underground region. The runnels 
are navigable to small boats for about five months in the year. A fine 
sandy beach leads from the last of tlie lakes to Echo River ( t'iJe Item 3 ), 
whose rippling limpid waters reflect the gorgeous stalactite festoons and 
other striking features of the galleries through which the brooklet runs. A 
cool temperature prevails throughout the cave, and the purity of the air is 
remarkable. The Mammoth Cave with its diverse attractions and labyrin- 
thian formation is the grandest subterranean wonderland discovered. It is 
at the same time the most extensive cave known. It is estimated that the 
underground waters have been at work on the limestone strata since the 
Miocene or third period of the Tertiary Era in the geologic time-scale. 


( 9 ) 


Oldest Artesian Well in a great city— the 
one in the Crenelle Quarter of Paris 


Note.— This spring was commenced in 1834 and completed in 1341. 
The water that gushes up from it is of a constant temperature of 28® C. 
( 82® F. ), 

(10) World’s Deepest Artesian Salt-Spring— ligyof. 
the one at ICssingen, Bavaria, Germany j ’ 


Note.— It throws up a column of water to a height of 58 ft The tem- 
perature of the water is 19® C. ( 66® F. ). An extraordinary feature of this 
well is that its ejecting force is due, not to natural hydrostatic pressure, but 
to that of carbonic acid gas which is generated at the junction of a gypsum 
bed with magnesium limestone at a depth of about 1,680 ft. 


(1 1) Deepest Artesian W ell bored in a great city 1 
—the one in the Passy Quarter of Paris } 


1,923 ft. 


Note.— Its diameter at the bottom is 2 ft. 4 in. It ejects a continuous 
stream of water at the rate of 5,582,000 gallons a day to a height of 54 ft. 
above ground level. The Passy and Crenelle Wells are among the sources of 
the city’s water supply. The temperature of the water from both is the 
same, thus indicating a common source. 

It is possible to erect artificial fountains whic^pn throw up a column 
of water to considerably greater heights. The famous Jet d’Eau at Versail- 
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les jn France n«es to a height of 100 ft and the great fountain at Chats 
worth m Dhnois, U SJi which holds the world a record spouts a shower of 
water to a height of 267 ft. 

(12) Europe's Deepest Artesian Well— the one ) 

at Rochefort, France „ J 

(13) Greatest Thickness discovered for an under ) Atieast 

ground Rock Salt Bed J 3 9i4 ft 

Not© — A deep bonng was made at Sperenhefg 20 miles from BerLn 
With the object of obtaining a supply of rock salt. A bore hole 16 ft. in 
diameter v, as earned down to a depth of 2S0 ft where the salt deposit began. 
After a further depth of 680 ft was reached the bore was reduced and the 
work continued till the great depth of 4191 ft was attained without the 
bottom of the salt bed being reached and the bed has thus the extra 
ordinary th ckness of at least 3 914 ft 

(14) World’s Deepest Coal mine— one') 4000 ft 

^ the mines m the Coal fields in j- (Encid Br J 9 '> 9 ) 

Note— Co^ strata occur 10 more or less bontontal beds so that the 
entire coal in s field is obtained from a nearly uniform depth In the case of 
mineral deposits, however containing metsls the metalliferous veins are 
tisually fissures in the crust, called {culls or caused by great 

earth movements These faults often extend downwards through vanous 
formations and generally occur IS slates schists granite and metamorphie 
rocks They were at one time more or less open and formed subterranean 
rtiannpta for Water ‘^Iteniig down from the surface but are now dosed up by 
mineral matenaL aeposiled on ihe»r sides MetaMerous veins therefore 
run m descending passes unlike coal beds. This is one reason why ores can 
be obtained from greater depths than coal From the economic point of view 
it IS considered improbable that coal will be worked at a depth exceeding 
5,000 ft 


(15) World’s Deepest Artesian Well 
—the one at Putnam Heights, 
Windham County, Connecticut, 
USA 


6004 ft = 

1 m 1 f 21 yds. 


Note —It IS 6 inches in diameter and yields 2 gallons of water per 
mmute The water spouts 4 ft above the surface 

(16) Probably the Third Deepest Working Mine') 

jn the world— a vertical shaft in the Kolar [• 6,380 ft 
Gold Fields, Mysore State, India J 

Note — ^These fields extend over a range of 40 miles and the mines are 
worked by electricity supplied from the power house at the famous Sivasa 
mudrara Falls (400 ft high) of the Cauvery River 93 miles away These 
mmes supply nearly all J^e gold produced m India. The existence of gold m 
this legion had long beeQ known and there are traces of operations m the 
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5^ ft 
5,735 ft 
6,265 ft 


past conducted on crude methods. Mining was attempted in the reign of 
Tipu Sultan but without success. The first shaft was sunk near Oorgaum in 
1875, and since then the mines have been steadily working and yielding good 
profit the total output of gold up to now being of the value of nearly 70 mil- 
lion sterling. In an inclined sl^ft in the Champion Reefs Mine in these 
fields a depth of a little over 7,000 ft. has been reached. 

(17) Deepest Boring made in Europe— 1 7348 ft 

the one at Czuchow, Silesia J {Encjci.Br.,i929) 

Note. — A number of deep holes have been drilled in Europe for geologi- 
cal exploration or prospecting purposes, and also for observation of the in- 
crease of temperature in the deeper parts of the earth s crust 

The following are some of them ; — 

At Buda Pesth, Hungary ^ 

N. B. — ^The temperature at the bottom is 31® C. (178® F.) . 

In Spain, the boring having been made for oil or 

natural gas 

AtSchladenbach near Leipzig, Germany 

At Leipzig 

(18) World’s Second Deepest Working Mine' 

—the Village Deep Shaft in the famous 1 7,(330 ft 

Rand Mines near Johannesburg, South 
Africa J 

Note.— So extensive are the operations in this deep mine that they of- 
ten cause rock-slips similar to light earthquakes and felt repeatedly in 
Johannesburg. The temperature at the bottom is 36® C. {9i F.) . Four tons 
of ice are used daily to make the lot of the miners at wtyjk bearable. In tte 
mines of the Rand or Witwater’s Rand is found the greatest conccntabon 
of gold knovm. The total quantity of gold taken out of them up to the end 
of 1931 is of the value of roughly 1 billion sterling. 

(19) World’s Deepest Working Min^e-the J 8 oooft.= 

Morro Velho Gold Mine near Sahara h 1 m. 4t27yds. 
in Minas Geraes State, Brazil J 

Note.— The temperature at the bottom is over 49® C. (120® F.). The 
mine has been worked since 1725. Owing to its age, the pro uction rom 

“ world’, Bold te now ontmoled b, 

and the undertaking requires vast amoimts of capital. er imp 
- mines in the world besides those already named are the Bohden m 

Sweden, one of the newest and probably richest, mines i , 

Ontario and Quebec. Canada, which are new; the mnes 
nia, Utah, Colorado and the Black Hills of South D^ota all in U. S- and 
those in Russia and Siberia. The output of the Canadian mnes is a h^ 
less than one-fourth that of the Rand, and f., - ’ g’jjg 

fine ounces valued at nearly Hi minion sterhng. The Cahforman fields 
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have produced, since thejr started work to 1848, about 370 million sterlio^ 
worth of gold. In 1931 they yielded half a million ounces worth over 2 
milhon sterling The output m Russia m 1931 is estimated at about a miUion 
ounces worth over 4 million sterling The world s total output in 1931 was 
21,300,000 ounces worth over 80 millioa stewing 

(20) World’s Deepest Boring 1 I0 030ft.« 

j 1 m, 7 f 43 yds. 

Note — This record depth says Popular Science Monthly of Dec»,iiber 
1931, has been reached in an Oil Well drilled near Seacliff in California. The 
shaft Is offiaally known as ‘CC.MO Hobson 9 2* Huge steel derricks, 
nearly 200 ft high, were set up across the dnlhng platform, holding tremen 
dous loads of drill pipe and casing weighing upwards of 100 tons, while 
Diesel engines and electric motors turned rotary dnlls with marvellous speed 
and smoothness Bits faced with the hardest steel rotated furiously and 
burrowed Into the hard rock Pumps exerbng enormous pressures drove to 
streams of liquid mud through 4 miles* length of pipe, and raised it to the 
surface again along with abrasive cuttings, while its circulation in the lote 
nor softened the walls of the hole. Circular rubber washers, moistened with 
water, spun round the revolving dnQ pipe, enabbng the bole to maintain 
perfect verticality throughout Hot formations m the intenor were chilled 
by vast quantities of tee forced into the hole under pressure When gas 
pressure fails the oil is drawn from the depths by giant electnc pumps of 
extraordinary lifting power The new * super well ’ tapers to a diameter of 
only 5 inches at the extreme bottom. Geologists predict that with modern 
techmque and machinery it will be possible to dig stiU deeper into the nbs 
of Mother Earth I 

At great deptlfi the heat is extreme. In borings it has been found that 
the temperature rises about I® C. for every 100 ft increase of depth. Subter 
ranean temperatures, however, show vanations at the same depths m diffe- 
rent locahties Thus a well dnlled id one part of the Californian oil fields 
showed a temperature at 6,500 ft of 2103® F (99 55®C ), very near the 
boiling point, but another recorded 206® F ( 96 66® C ) at a depth of 7,800 ft 
These fluctuations, according to some geologists, are probably due to folds m 
the structure of rock in the intenor wluch surface mapping does not reveal 

(21) Depth at which the temperature would 1 

reach about 1,620® C, a point sufficient [• 33 75raiies 
to melt any conceivable rock J 

Note —This item is based upon Jeffreys’ estimate that the earth s In 
ternal heat increases with depth at the rate of about 30® C per km. The 
melting points of rocks vary, the bigh^t being that of Dunite, m, 1,500" 
1 600® C. Besides at least 12 metals ( which include platinum and uranium) 
there are two forms of silica, a lew sihcat^, some of the hardest minerals 
and the artificial corun^gam or ci^tallme alumina which do not fuse evcq 
at 1,620® C. 
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(22) Depth at which the Earth’s internan 
heat would reach 3,000° C. }- 


100 km — 
62-5 miles 
{Jeffreys) 


Note,— Once this temperature is reached, says Jeffreys, a uniform 
heat is maintained in the earth’stlower depths. The inference is that 3,000° C. 
would be the highest temperature occurring anj^vhere in the earth’s interior. 
This is a temperature which, it may be of interest to note, is more than sufa- 
dent to melt all known substances with but two exceptions, viz., the rare 
metals rhenium and tungsten. Rhenium or Dvi-manganese is an element 
of which only spectra have been obtained, and it is said to exist in infinitesi- 
mal quantities in manganese salts. Its melting point is given as 3,150° C. 
Tungsten, the metal used in filaments of electric light bulbs, is derived 
chiefly from the compound wolfram, a tungstate of iron and manganese, and 
in smaller quantities from scheelite or calcium tungstate. It is the most 
refractory substance known, and under standard conditions melts at 3,381° C. 


The highest temperature yet attained artificially is 3,600° C., which was 
recently jreached in an experimental electric furnace called the inductor or 
high-frequency furnace invented by Dr. E. F. Northrup of Princeton, U.S.A. 
In this furnace graphite, familiarly known as blacklead, the mineral used in 
making pendls, has been turned into vapour ! 


(23) 


Distance from the surface of the Crust 
to the Earth’s Centre 


3,963'5 miles 


Note. — One may wonder what the pressure may be at the centre of 
the earth. The pressure below the surface of the crust naturally increases 
with depth, and at the earth’s centre, according to Dr. Abbot, Director of 
the Smithsonian Astrophysical Observatory at Mt. Wils^, U. S. A., is some- 
thing like 50 million lbs. ( about 22,320 tons ) per square inch, which is 
equivalent to 3,400,000 atmospheres 1 

(24) Distance from the Earth's surface to 1 4,022 miles 
the extreme bottom of its Central Core J approximately 

Note.— The central core is believed to be composed of super-heated 
metallic iron or nickel-iron alloy. Jeffreys remarks that evidence has shown 
that its radius is ‘rather more than half of the earth as a whole.’ Another 
authority considers that the core is 3,500 km. (2,137-5 miles) thick, as will be 
seen presently. 

Some geologists classify the earth’s crust into Sedimentary Layer, 
Granitic Layer, Tachylyte Layer and Dunite Layer, according apparently to 
the regions or depths where the corresponding rocks were originally formed. 
They also give their estimates of tlie probable thickness of each layer and 
of the central core, along with their relative densities. The thickness and 
densities of the different layers and the core, along a radius drawn from a 
typical point on the surface of a continent, are g^n in the EncycL Brit., 
1^29 as follows ’ 
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Thickness in 



kilometres 

Density 

Sedimentary Layer 

l>-5 (?) 

2 27 

Granitic Layer 

10 

27 

Tachylyte or Dionte Layer 

Dunite Shell (possibly with Edojjite 

go 

29 

near the top) 

2 900 

3 3 (top) 

50 (bottom) 

Liquid Iron Core (as the EncycJ re 



fers to the Central Core) 

3500 

11 12 


6435 knL= 

i4022 miles 


Jeffreys and other authontiea often refer to the first two layers as the Upper 
Layer or Layers and to th'^ third as the Intermediate Layer The fourth 
layer as to the composition of which there is difference o{ opinion is van 
ously described as the Dunite Layer or Pendotite Layer or Edogitc Layer 
The thickness of the core is roughly calcubted on the basis that seismologi 
cal observations have revealed that its radius is about 0 55 per cent of the 
outer radius Geometrically described it would be an eccentric sphere withio 
our globe 


Concluding; Remarks 

The probable condition of tbe earths interior has from time to 
time been closely investigated by geologists, physicists, mathemati 
cians and astrongmers from their respective view points, but no 
definite conclnsions which can meet all objecbons appear to have 
been reached yet 'The problem of the physics of the earth s inter 
lor’, remarks Jeffreys, ‘is to make physical inferences only for a 
nngeof 2 kilometres at the outside ' 

In the earliest life of the earth when it was very hot and entirely 
fluid, the materials of which it was composed, vtz , iron and sili 
cates, would not mL’s but would separate and settle according to 
their relative densities, so that the denser constituents would sink 
towards the centre, leavii^ the lighter ones outside, t e , above In 
cooling and hardening, the earliest formed portions of tbe crust 
would naturally descend until they reached a stratum having a 
density equal to their own and this process went on repeating itself 
until the layers of lighter materials sslidified and hardened 

The main difference of view among geologists is regarding the 
physical state of the last layer of rock and of the central core It 
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■iviil have been noticed from Item 22 that at a depth of 62^ miles the 
internal heat is 3,000^ C.> t.c.) far above the melting point of any 
conceivable rock. Once this temperature is reached in the earth’s 
interior, explains Jef&eys, a uniform heat is maintained in its lower 
depths as when a temperature is attained which is sufficient to fuse 
ail substances, a general equilibrium is brought about. In his view, 
below a depth of 250 miles, the strength of the crust would probably 
be absent after the transition of the last layer of rock from a state 
of finnness and strength to one of gradually increasmg liquidity. 
These transitional stages would thus include those of flexibility or 
plasticity and then of viscosity. One of the arguments advanced by 
those geologists who are in favour of the theory that the rock mate- 
rial after a certain depth must be existing in a liquid state, is that 
volcanoes erupting torrents of lava must be supplied from an im- 
mense molten nucleus or magmatic reservoir. In their view, again, 
the existence of only a thin and somewhat flexible crust would satis- 
factorily account for the earthquake shocks which sometimes affect 
large areas of the globe. 

According to other authorities, the melting point of rock is not 
reached until after a depth of 375 miles. The melting point of 
Dunite, a rock believed to be present also in the core of the crust, 
being 1,500® C-1,600® C. and of pure iron 1,535® C., they infer that 
the temperature of the material of the central core#nay be lower by 
some hundreds of degrees owing to the presence of impurities. They 
do not conceive of a temperature exceeding the melting point of rock 
existing anyvi’here in the interior. On the contrarj’, their conclusions 
would point to a diminution of heat after the last layer. Again, they 
contend that pressure would raise the melting point of rock but 
would lower, at least at low pressures, that of iron. Accordingly 
they expect that the central core would be more fusible than 
the surrounding rock, and if the latter is near its melting point, 
the iron must be liquid. They state further that seismological evid- 
ence proves the solidity of the earth to nearly 2,930 km. («= 1,830 
miles), the depth at which the last layer of rock ends. In other 
words, all the rock material of the earth must, for the reasons 
mentioned, be existing in a solid state. These inferences are said to 
apply mainly to conditions below the land sui|gice. The tempera- 
ture at any depth in the crust is made up of two parts, one arising 



•WONDERFUL UNlVfeRsfi 


54 

from tlie original heat and the other due to that developed by radio 
activity since the solidification, and as radio activity below the seas 
must be less, the cooling at great suboceanic depths may be np to 30 
per cent or higher ^ 

The theory of solidity of the rock material throughout 
noold not preclude a satisfactory etplanatioa as to the source of the 
vast quantities of lava ejected by volcanoes, as there may be com 
paratively small accumulations of molten rock here and there, or 
what IS even more probable, some temporary relief of pressure may 
lower the melting point and allow the rock to liquefy 

Yet another theory about the physical state of the earth’s interior 
is that except for loca Ivesicular spaces or cavities onr globe is practi 
cally solid and rigid to the centre Some scientists consider that the 
interior is ^seons, others that the substratum is probably very hot 
and dense and, though subjected to great pressures, cannot be des 
cribed as either solid or liquid or gaseous m the popular acteptatioa 
of these terms, but that if it is liquid or gaseous, the material is so 
confined and compressed that it acts very much like a sohdL 

According to Professor H H Sheldom of Newport University, 
if the earth s interior were a freely flowing liquid, a temperatare 
thronghout of 3,000** C would probably be present Conversely, 
therefore, if so high a temperature exists below a depth of 62^ miles, 
it would probabl^be sufficient to reduce the interior gradually, some 
where below that level, to the state of a freely flowing liquid 
But whatever be the temperature in the interior, he concludes, 
experiment shows as a fact that the elastiaty of the material 
in the depths of the earth would be about that of rigid steel, 
and owing to the enormous pressure and density it probably behaves 
much like a solid The majority of geolc^ists now consider, on 
physical and astronomical grounds, that the earth’s central core is 
solid, so that the old theory that it must be a ‘Sea of Liquid Fire 
has now few supporters 

Earthquakes are aptly described as convulsions of Nature 
They are manifestations of the same underground forces as originate 
volcanoes, and are generally most common and severest in volcanic 
areas They often precede or accompany violent volcanic outbursts 
It IS now believed geophysicists that earthquakes are due to the 
sudden slipping or fracture of apart of tho earth’s crust which has 
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been snbjected by slow earth movements to an nndne strain. This 
view is largely based on their occurrence along coasts, mountain 
ranges and generally in areas where the warping of the crust is 
greatest. Strong vibrations are set np at the fractured surface at 
the time of the fracture, an^ these travel through the elastic solid 
material of the earth as longitudinal and transver^ waves having 
velocities of 7 km. and 4 km. respectively per second. An 
earthquake sends out also a third class of waves over the earth’s 
surface known as Raj’leigh waves whose speed is 3 km. a second. 
The region on the earth’s surface which is immediately above the 
earthquake origin or focus and to which the shock is delivered 
vertically upwards is known as the cpiccntral iract. These three 
t5T)es of waves sent out by the earthquake are recorded at the seis- 
molo^cal obserratories all over the world by a class of instruments 
known as seismographs, hlodem seismographs are so sensitive 
that they are capable of recording these waves even if the earthquake 
occurs at the antipodes. For instance, the shock of the earthquake 
which occurred in Chile, South .America, on 2nd December 1928, 
and of the one in Me.vico on 3rd June 1932, caused violent oscillations 
in the seismographs at the Colaba Obsen’atory, Bombay, which is 
situated very near the antipodes of the epicentre. Owing to the 
different velocities of the three waves they arrive at a station at 
different times, and by noting this difference in the time of their arri\-al, 
seismologists calculate the distance of the epicenSre. By a system 
of triangulation between three or more seismological observatories 
the exact position of the epicentre is determined and broadcast to the 
public long before information arrives from the place or places 
seriously affected by the earthquake. It may be emphasized that 
the surface waves are considerably more violent than the other two 
waves which travel through the interior of the earth’s crusL The 
destruction of buildings and bridges and sometimes of whole villages 
or towns caused by earthquakes is due mainly to the surface waves. 

There are deSnite regions on the earth which are frequently 
liable to earthquake shocks, and there are also areas which are more 
or less exempt from them. The former regions constitute definite 
belts over the earth and are Imown as earthquake zones. Geologists 
describe such areas as fauU-Jitics, For example, the Khasia Hills 
in Assam, the mountain ranges in the north-i^st of India and the 
4 
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snbmarme region near the Andaman Islands are well known 
earthquake zones It has been found that submarme earthquakes 
set the ocean waters in motion and give rise to great water wa>es 
These waves occasionally travel from one side of the ocean to 
the other (Vide description of the Kr-fisatoa eruption m 1883 under 
Chapter IV ) 

Dr G W Walker, Director of Eskdalemmr Observatory w 
Scotland, in 1921 made the startling suggestion that the depth of the 
earthquake focus is of the order of one fifth of the earth s radius or 
about 1,250 km The late Professor H H Turner of the University 
Observatory at Oxford estimated the depths of the focus of some 
earthquakes to be of the order of 300 miles Dr S K Banerji, 
Director of the Colaba and Ahbag Observatories, m a paper 
pubUshed in the Phtlosophtcal Magaztne, Vo) XLIX, January 1925, 
questions Turner s estimate and by an analysis of recorded results 
concludes that the maximum depth must be less than 200 knu but 
may be anything in the neighbourhood of 100 km Subsequent 
writings of Dr Jeffreys, Dr C G Knot and others generally 
confirm the results obtained by Banerji It is now generally 
accepted that the earthquake focus normally lies between the 
surface of the crust and a depth of 100 km 

Many observers have recorded a curious sound at the occarreace 
of an earthquake ^ In the neighbourhood of the epicentral tract the 
earth's crust abruptly undergoes violent changes owing to the 
passt^e of the surface waves These have been found to give rise 
to vibrations in the air resembling a rambling sound like that of 
distant thunder U ^ \ ^5 6^ S'" 

As a rule, the more intense the shock, the larger is the area 
affected by an earthquake An earthquake which occurred in Chile, 
South America, in 1835 was felt over an area estimated at 600,000 
sq miles Earthquakes are sometimes so severe as to cause huge 
loss of life apart from the havoc to property At a severe earthquake 
m 1905 m the Kangra District of the Punjab no fewer than 20,000 
persons perished The geological effects of earthquakes are chiefly 
the local elevation and depression of land, and the opening of rents 
in the ground In the earthquake of 1822 m Chile the coast line 
was raised about 4 fegt In India an earthquake which occurred 
hi the year in the State of Catch depressed a large area all at 
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once below sea level. At the earthquake in New Zealand in 1855 
an area of about 5,000 sq. miles was elevated alwut 9 feet, and a 
crack, 6 to 9 feet wide, formed along the margin of the raised ground 
for a distance exceeding 90 miles. 

Weird subterranean sounds not connected with the earthquake 
are sometimes produced by other agencies. In the Chilean Andes 
a hollow sound Ixoms at times from Mt. El Bromados, which is 
consequently known as the ‘moaning mountain’. There is a 
remark'able mountain in Nevada, U. S. A., which gives out sounds 
‘resembling at first the jingling of bells and ending with a deep 
organ-like swell'. Mt. Cross Fell, a peak which borders West- 
morland and four other counties of England, is given to howling so 
dismally that for a long time the inhabitants of the surrounding 
districts looked upon it with superstitious dread. Sometimes 
during a strong gale it send^ forth ‘an awe-inspiring scream’ audible 
for miles around. Such sounds are either of volcanic origin or due 
to the crust movement produced in particular kinds of soil by the 
sudden loss of heat on account of intense radiation during exceptional- 
ly clear nights. Particular soils may give rise to particular sounds. 

A curious effect of subterranean disturbances on the waters of a 
lake was reported in the Press by a correspondent from Naples on 
9th November 1931. In Lake Carpena, 30 miles away from the 
fiimous v'olcano of Vesuvius, the water was fom#! to sink several 
times dail5', leaving the bed exposed, and then with anderground 
rumblings and local earth tremors, gush up rapidly, boiling-hot, to 
its original level. The return of the water was at all times 
preceded by a dense fog which lifted as soon as the lake became full 
again. 

Those who hold that the earth’s deeper interior consists of molten 
material call the solid outer crust the Lithosphere. The earth’s 
oceanic area is called the Hj’'drosphere, its gaseous envelops the 
Atmosphere, and the mass of living organisms on the earth is some- 
times termed the Biosphere. 

^\Tiat may be the weight of the load which, in Hindu mythology, 
hlahajiadma and other elephants are said to sustain, or which, 
according to I^amaistic belief, is borne on its back by a gigantic frog ? 
Science ting already answered the question, f^ the earth has been 
‘put into the scales’ ! Its mass was ascertained by comparing the 
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strength ofjts gravitational pull on a small sphere at its surface with 
tiie attn^ctidn exerted on this body by a big sphere whose mass was 
hnown. The force of attraction is in accordance with the law of 
gravity, which is that the pull on a ama^ body is proportional to the 
mass of the attracting body divided by the square of the latter’s 
radius, this radius denoting the distance of its centre From the 
amounts of the forces produced and the distances, the ratio of the 
masses was obtained. In this way Professor C. V. Boys, a British 
scientist, got the necessary data and announced some years ago the 
weight of the earth as 5 885 sextilhon tons. The German scientist, 
Dr. Braun, working independently, arrived at very nearly the same 
result. These values are a little lower than that declared more 
recently by Dr. Paul Heyl of the American Bureau of Standards, 
an institution which seeks the greatest possible accuracy. By working 
in an underground chamber where he could more effectively shut 
out street noises and other distorbances—for the slightest vibrations 
produced by passing vehicles would seriously interfere with the 
proper working of the highly delicate and sensitive instruments used 
for the purpose — Heyl has worked out the weight of our globe os 6 593 
sextilhon tons, only about 12 per cent higher than the British 
Professor’s estimate Among other authorities Dr. Baker, Professor 
of Astronomy at Illinois University, accepts the higher value 

One may won^r to wliat use a knowledge of the earth’s weight 
can be put. The astronomer would answer that it furnishes the 
starting point from which to calculate the weights of heavenly bodies. 



CHAPTER II 

The Hydrcfephere or Ocean 

Thou glorious mirror, where th’ Almighty’s form 
Glasses itself in tempests ; in all time, 

Calm or convulsed— in breeze, or gale, or storm, 

Icing the pole, or in tlie torrid clime 
Dark-heaving;— boundless, endless, and sublime— 

The image of Eternity — the throne 
Of the Invisible ; even from out thy slime 
The monsters of the deep are made : each zone 
Obeys tliee : thou goest forth, dread, fathomless, alone. 

—Byron 

It will have been noticed from the preceding chapter 
that the ‘ Fires of Hell ’ are present within our Earth itself, 
whether its core be solid or liquid. We now turn our 
attention to the earth’s enormous body of water, its liquid 
envelope. But before starting our investigation of the 
ocean’s interior, let us see if there are any phenomena 
above its surface which merit notice. 

(1) Height which a Sea Fog has been ) About 2.500 ft. 

found to reach j ( & Zambra ) 

Note.— Sometimes the fog appears in massed stretches resting upon 
the sea and resembling distant land, but vanishing as it is approached. It is 
then called a Fog Bank. Fog Banks are sometimes arranged in a circular 
form and are then called Fog Rings. They are often seen off the coast of 
Newfoundland. Long dreaded by mariners, they are now feared by trans- 
oceanic aviators. 

(2) Usual Height of a Sea Fog | ^ msrdti T^zmhra ) 

1 EQQ"350 ft 

(3) Height of a Waterspout | {Nesrclti&Zambra) 

Note. — A ^vaterspont is a remarkable phenomenon of the nature 
of a tornado or whirlwind, witnessed frequently only in parts of the 
tropical seas when the sky is overcast with massive clouds and the 
atmosphere is tense with electrical energy. Its occurrence is due to 
a meeting of opposite winds of different tempe>Kitures in the upper 
fiir, whereby a large quantity of vapour is condensed into a dense 
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clond which, descending dark column resembling the trunk of 
an elephant, moves along, sometimes m a straight and vertical, at 
other times m an mchned and tortuous direction This motionresnlts 
in the formation of a huge funnel which, coming down near 
the sea surface, violently agitates ?he water and sucks it up 
sometimes in large quantity The entire column — sometimes 
several at a time each 20 to 30 ft in diameter — then seems to extend 
from the sea to the cloods, taking a magnificent form of a light 
colour near its axis, but dark along the sides, and moving 
along in rapid gyration When acted on by the xvind, the column 
assumes a slanting position, bat m calm weather it remains vertical 
while continuing its motion Sometimes the upper and lower parts 
move with different velocities and break away from each other with 
a loud report The whole of the vapour is at length absorbed m 
the air, or it comes down m a heavy shower of ram 

The extraordinary phenomenon of six waterspouts operating in 
circular formation has once been observed during a storm in the 
Sulu Archipelago, between Sandakan, British North Borneo, and 
Sitangkai In the Atlantic, west of Africa, spouts sometimes appear 
m the months of June and December m large numbers, like forests 
of trees planted m the ocean 

The waterspout, in anaent times was variously accounted for 
Primitive races fmagmed it to be a gigantic sea monster marching 
across the ocean The Japanese believed it to be a dragon with a 
Jong tad Among the Chinese it was a dragon coming down from 
the sky to drink water The Hindns believed it to be Airavata, 
the elephant of the storm god Indra, alighting on the sea to slake 
its thirst The Mahomedans believed it to be a huge demon 
rising from the sea like a black pillar and going up into the sky 

A writer m Star expresses the view, which he says is based on 
close and repeated observations made by him of this phenomenon m 
its various stages that none of the xvater content of a spout is 
obtained by suction from the sea When what aviators call an air 
pocket is not filled up slowly to the level of the surrounding 
atmosphere, it assumes under certam conditions a circular motion 
and this centripetal movement, should there be any dense supenm 
posed clouds m the^icimty, sacks up from them the water vapour 
which condenses on the wall of the cone down to the apex in a swirl 
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and thus leads to the formation of a ■u.’aterspout In support of 
his theory the writer states that the water in a spout has always 
been found to be fresh. 

Waterspouts are not confined to the seas alone. They occur on land 
too, but the land phenomena are usually called cloudbursts or torna- 
does. Some tornadoes are dry whirlwind hurricanes, though in appea- 
rance and action they do not differ from cloudbursts. In 1930 an unusu- 
ally violent tornado swept over Nebraska, U. S. A. Mter a furious 
rotation down from the clouds its black twisting funnel rushed to 
the earth, struck a pond and, according to the report, sucked it dry ! 
This incident affords strong grounds for the belief that, as on land, 
so at sea the spout must derive its water content by absorption from 
the body of water below. But if the S/czr correspondent’s assertion 
that the water in a spout is always fresh is correct, it can only 
mean that a spout acts differently at sea. Meteorologists can no 
doubt throw light on this point. 

A huge waterspout was witnessed on the great river Brahmaputra 
• at Mymensingh (Bengal) on 19th September 1931. It was described 
as an unprecedented phenomenon in India. It occurred in the 
morning when the spout was seen suddenly to raise itself out of a 
depression v.'hich formed in the centre of the river. A mighty 
column of water soared into the sky and after keeping hundreds of 
people awe-stricken for about 20 minutes, the spout collapsed with 
a roar, breaking into two parts and falling in twin cascades of water. 
A boat which happened to be in the vicinity narrowly escaped being 
engulfed as the water descended to the river. 

(4) Usual Height above water I loo metres = 328 ft. 

of the highest of Icebergs J f Ero'ci. Br.. 1929 ) 

Note. — ^The land in polar regions is buried under an enormous ice- 
sheet, which is continually moving seaward from the central ice plateaux 
and frequently comes to the sea before reaching a temperature sufficient to 
melt it. Mighty fragments of ice thus become detached from the edge of 
the main sheet and float away as icebergs. They assume an endless variety 
of shape, often irregular and fantastic. Icebergs exceeding 100 metres in 
height are extremely rare. The largest bergs in the northern seas are some- 
times 2 miles long and about a mile in breadth. Hundreds of such a size have 
once been counted as they drifted along bety.'een Lat. 60® and 70® N. An 
unusually huge iceberg, 2-5 miles long, 2*2 miles broa^and 153 ft. high, has 
once been observed in this region, and its weight was estimated at about a 
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bilbon and a half tons Of all forms of ice m the eea, the iceberg is the most 
spectacular and at the same tune most dangerous to shipping 

(5) Height to which Billows dash ■) 

mg against a cliff have been 1 Over soo ft 
found to hurl up sheets off {Encyci Br,i889) 
water and foam at a gale J 

Note — AtDunnet Head (ScoUand)i during northwesterly gales, the 
window panes of the lighthouse which stands more than 300 ft above the 
high water mark are sometimes broken by stones swept up the cliffs by the 
billows, and the building ts then deluged by sheets of water rushing in 
through the windows 


(6) Height to which Billows dash ' 
mg against a cliff have been 
found to throw up sheets of 
water and foam when no wind 
IS blowing 


Nearly 200 ft 
{Eticyd Br 1889) 


Note —This occurs on rare occasions on the northern coast of Scotland 


(7) Height which Waves have ■) 

been found to reach in abnor ? Over to ft 
raal weather J 

Note -'Waves have been sees on one occasion which reached this 
height IQ the North Atlantic during a prolonged storm On 29th December 
1922 the Wind la this region attained and kept up for a considerable time a 
hurricane velocity computed to have been 75 miles or more an hour Obser 
vations showed that the waves then reached a height of upwards of 70 ft 
from trough to cresL It has been found that the height of waves in the 
open sea varies difhctiy with the veloaty of the wind. On only one occasion 
m the world s known history has even this height been exceeded. ( See 
the description of the eruption of Krakatoa under Chapter IV ) 


(8) Depth to which the thickest of ? 14 

Ice-Floes may be under water J 

Note —Ice in the fngid zones occurs In a variety of forms A /oe b a 
low fiat mass of drifting ice of considerable see, with visible limits. 
When the sheet of ice is so large that its extent ts not discermble from the mast 
head of a ship, it is called an tee field. Oftentimes huge masses of dnftios 
ice are packed together m large numbers and form what is called pack-ue 
As m the case of an ice field, its bouts cannot be seen Zee-pa^s occur m 
two forms — ‘open* and ‘dose’ When the assembled masses of ice, though 
floating very close to one another, do not touch the pack is said to be open , 
when they are m actual contact, it is said to be ‘dose’ Pack ice covers nearly 
2 million square miles and constitutea about 70 per cent of the Polar Bas it 
Ice fioes and ice fields usually become covered with snow to a depth which 
presses down their surfaces to the le^l of the sea. The greatest thickness 
Sttaioed by them is awut 14 ft, When the cold is extreme floes undeigO 



contraction in which process they frequently break up with a rending 
crash known as the ice-gttake. Sometimes pressure due to winds and 
currents raises ridges upon an ice-field, which may attain a height of as 
much as 50 ft. above the sea level. These lofty piles are called hummocks. 
Along the shores in the Arctic r^ions runs a fringe of ice. This is called 
an ice-beU. Another form in which ice appears in the frigid zones is the 
iceberg, though bergs sometimes drift along towards the equator to latitudes 
as low as 40“ N. or S. 

A curious phenomenon due to the existence of ice-fields in the polar 
seas is the ice-blink. It is a bright yeHowish-white streak observed on the 
horizon owing to reflection of light from the snow-covered surface of the ice 
and is seen before the icy mass itself becomes visible. As the poet, James 
Montgomery, describes it:— 

'O’er rocks, seas, islands, promontories spread. 

The Ice-BUnk rears its undulating head. 

On which the sun, beyond th’ horizon shrined. 

Hath left his richest garniture behind.’ 

(9) Depths at which under-water operations ■) 

in the majority of Harbour, Dock, Quay }• do-so ft, 
and Bridge Works are carried out J 

, Note.— The divers go down in a caisson or in a diving suit A caisson 
is a strong water-tight case employed in building the foundations of piers 
and bridges under water. A diving suit is a waterproof costume of strong 
material worn by a diver when descending into and working imder water. It 
has a metal helmet provided with strong glass eyes. The diver goes down 
with heavy leaden weights fastened to his sides and his shoes also weighted, 
80 that he may descend and move about below with pe^ect ease. In both 
contrivances air is supplied through a flexible tube connecting the caisson 
or the head-piece with air-pumping apparatus above. Caisson workers and 
divers using diving dress are liable to be aflected by morbid changes known 
as caisson disease as an indirect result of exposure to abnormal pressures 
under water. The limit of depth to which the caisson can be utilized is 
about 100 ft, and the men work only two hours a day, even this short 
period being divided into two one-hour shifts with an interval of four hours 
in betw'een. 

(10) Depths at which Pearl Divers work ... 24-120 ft. 

Note.— Pearl oysters live at these depths, though they are mostly col- 
lected at 42-48 ft. In Arabia the divers go down 90 ft. to collect them, while 
pearl-fisheries in Austrah'a are usually carried out at a depth of about 120 ft. 

(11) Record Depth to which a Sea-bird has ] 

been found to dive in search or purstiit h 120 ft. 
of prey J 

' Note.— It is the cormorant (sea-raven or sea-cr^w), a large, natatonal, 
web-footed bird of the pelican family, the largest measuring about 33 inches 

5 
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from bead to wing tip It breeds geoeniSf on steep cbffs near the sea ssd 
sometimes on trees. It devours fish with such voraatjr that it has nun e to 
be regarded as the emblem of gluttony When it sights prey, it vjgoroudy 
pursues it by swimming and diving descending often to a remarkable depth. 
A cormorant has been caught m a crab p^ fastened 120 ft. uider water I 
At the base of the lower mandible it has a oistensJble appendage of 
skin which serves as a sac for temporary storage of its captures, and on ru- 
ing to the surface it swallows them When it has fed itself to excess or the 
tide IS not favourable for fishing it rests on an elevated perch often with 
the Wings outstretched, and remains motionless In this posture for a conside 
rable time. A species of this bird is trained by the Chinese who find it very 
useful m fishing A strap is tied round its neck so that, while ft cau breathe 
without difficulty, it cannot swallow its catches 1 It is then thrown ofi into 
water It dives immediately and darts swiftly along the bed in quest of prey 
So great is its activity under water that tn a shallow nver not a aio^ 
fish can escape capture except by concealing itself under a rock or in the 
mud stirred up by the bird In its rapid movements. 

Exactly aimitar in its habits is the pelican a water fowl larger than the 
swan with an enormous bill an expansible gular pouch and a great extent of 
wing Like the cormorane it is an excefient swimmer and diver and catches 
fish with wonderful adroitness. It is to a large extent gregarious and hS' 
quanta the sea-coast and the shallow borders of lakes and nvers where fishes 
are abundant, as it requires huge quantities of them for its sustenance 
In India it may be seen m fiocks on the banks of many nvers. In the Province 
of Sindh the pelcan is sometimes used for captunog fish from the Indus 
nver The Slndhis put a nng round Its neck to prevent it from swoHowing 
its captures. 

(12) Maxinfum Depth at which work is done) kq.. 
by Sponge Divers m the Mediterranean Sea J 

Note — Sponges are a class of raanne animals with a fibrous 
framework, soft, light and porous, which is remarkable for its com 
pressibihty and power of sucking up water. They are found fixed to 
rocks, or m -the mud, or upon sea weeds or on the bodies of other sea 
animals 

The pressure in the ocean increases with the depth As a diver des 
cends deeper and deeper, his ears nng with strange noises and be feels 
a crushing weight pressing on hts head and chest Pearl and sponge 
divers make a short stay at the bottom and thus generally aioid 
pressure fronbles. The effect of pressure m the mterior of the sea 
is easily tested. If we take an empty bottle, cork it, attach a weight 
to it and let it down by a hue into the sea depths, we shall find on 
pulling It up that the cork is driven into the bottle and the bottle 
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filled with water. If we repeat the experiment with a hollow glass 
ball, either the ball will be crashed or the pressure will force water 
into it through microscopic holes in the glass. 

The pressure exerted at given depth in the sea is worked 
out by a simple calculation. At sea level the air pressure is about 
14'7 lbs. to the square inch, and tin's unit is called 1 atmosphere. 
The rate of increase of pressure in the ocean is 1 atmosphere for 
every 33i ft. of depth. Thus the pressure at 33^j ft. will be 
2 atmospheres, at 67 ft 3 atmospheres, and so on. At 150 ft the 
pressure will thus be nearly 5 J atmospheres. The common method 
of calculating the pressure at great depths is first to multiply the 
value of the depth in terms of a mile by the average density of 
sea-water, which is about 1'035. The product represents the appro- 
ximate pressure in tons. 

Until a few years ago a diver could go down in the ordinary 
diving suit to only about 120 ft. He had to descend slowly so as to 
take not less than a minute and a half to reach this depth, and he 
could work under the sea for nearly an hour. It may be explained 
that the increased air pressure to which a diver is subjected as he 
goes down is immediately transmitted to all the internal parts of his 
body. Of the air which he breathes, the oxygen is consumed by the 
tissues, and his act of breathing prevents any increase in the pressure 
exerted by the carbonic acid gas, but at considerable depths an 
abnormal amount of nitrogen is forced into his blood. A diver using 
the old apparatus had to ascend by slow stages, taking an hour and 
a half to reach the surface so as to allow the escape of the excess 
of nitrogen from his blood. A too rapid ascent would cause the 
nitrc^en to form small bubbles and produce compressed-air illness 
such as parai5^is of the legs, violent pain in the joints and muscles, 
vomiting, fainting and sometimes even death. It is now possible 
for a diver using the old diving suit to avoid the long ascent by 
means of a specially devised apparatus. This is a submersible 
decompression chamber, which is sent down by a crane from the 
diving ship, with an attendant, a supply of oxygen bottles, tea and 
coffee in thermos flasks and other necessities within it, to meet the 
diver below. The bottom of the chamber is opened and the water 
kept out by pressure. The diver enters this chamber from beneath, 
and 'the trap-door is closed. The pressure inside is the same as 
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that at which ha has been working The chamber is then hauled 
up and placed on board the ship, which returns to the terbour 
The diver remains in the chamber throughout, and the pressure 
bside IS steadily lowered until it becomes equal to the pressure 
of the air outside The top is then* opened, and the diver and 
the attendant come out The whole process of decompression and 
return to normal pressnxe takes half an hour or less 

There is, besides, another important and nsefol invention which 
now comes to the diver's aid It is the ‘recompression chamber’ 
or 'diver’s hospital, and is kept on the deck of the ship If by 
any miscalculation of pressure, the diver is allowed to step out into 
the air before he is fully 'decompressed , be is instantly seized with 
severe pam. In such cases he w immediately placed m the recomp 
ression chamber, the pressure is brought up to the point at which 
he was workmg under water, and he is subjected to gradual 
decompression. 

It has been found from experiments that helium gas prevents 
caisson disease in divers owing to its low solubihty m the fluids of the 
body In U S A., which owns flelds of natural belmm gas and 
commands practically the world s entire supply, a mixture of atygen 
and hebum is nowadays used in deep diving and caisson operation? 
instead of air 

The world s ^pcord for the longest period spent by a diver conti 
nuously under water appears to be 5 hours, 40 minutes Attempts 
are in progress m Portland, West Bay, USA., towards salving 
the sunken Sabmarine Boat 'MS’ which hes at a depth of 100 ft 
Expert deep sea divers of the American Navy have spent a total 
number of 247 diving hours between 5tb March and 30th May 1932 
in these efforts, and one of th^ established the above astonishing 
record. 

Italy possesses the biggest Divers School m the world It is 
situated at Spezia, her naval base The final examination consists 
of testsof thediver s ability to work for two hours at a depth of I2S ft 
in a diving suit weighing 165 lbs and lead soled boots each 
weighing 15 lbs The Italian diver carries a weight of 38 lbs on 
his bark and another on his chest At the school he is taught to 
work with under water tools and receives instruction in the thnlling 
feat of fighting shafts and huge octopuses with no other weapon 
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than a knife. A 6ght with snch ferocious ani mal -; at a depth of 125 
it. calls for considerable skill, as the diver’s arms are greatly hampe- 
red by a pressure of nearly 5 atmosphers, while his foes, being in 
their natural element, are able to move adroitly and swiftly. 

(13) Greatest Depth at which work has been ) , 

done by Divers descending in diving dress J 

Note. — This work was accomplished at the salvage of the American 
Submarine ' F 4 ’ sunk off Honolulu. The equipment used by the divers 
was the British Admiralty Decompression System. The pressure at the 
bottom here would be 9 atmospheres. 

A flexible and more comfortable dress, which is at the same time 
safer from the point of view of the diver’s health, is that invented many 
years ago by the German engineers, Neufeldt and Kuhnke. It is made of 
cast steel cylinders. It permits the diver to explore the ocean freely up to 
a depth of 240 ft. This dress was used by a diver who worked at this depth 
on the wreck of the Belgian steamer ‘ Eh'zabethville ’ sunk in 1917 off 
Belle Isle. 


D4) Depths at which Reef-building Coral Polyps 
and Nullipores ordinarily flourish 


} 


25-300 ft 


Note. — Coral is composed of the hard calcareous skeletons or frame- 
work of various marine organisms called zoophytes. Coral structures are 
sometimes found at very great depths. In such cases the sea-bed must 
have been gradually sinking, while the coral poJyp, operating near the sur- 
face, built the bank higher and higher as the bed sank. In other cases, 
thwe formations project well above the surface owing to the slow rise of 
the sea-bed. The most precious coral beds are fouift in abundance in 
shallower waters, i.e., at depths of 25 to 50 ft. Coral structures sometimes, 
as in the Pacific and southern parts of the Indian Ocean, grow up to exten- 
sive reefs stretching along the coasts. 

Besides the coral polyps the most important reef-builders are the mfl- 
b'pores, a kind of sea-weed having the appearance of coral. Of these two 
classes of reef-builders, the corals thrive up to a depth of 150 ft., and the 
nuUipores up to 300 ft., in the warmer seas. The Great Barrier Reef of 
north-eastern Australia is the largest of its kind in the world. It extends 
along the coast for about 1,035 miles, being separated from the continent 
by a lagoon, 20 to 70 miles wide, containing a number of small and large 
islands. On its oceanic side the Reef rises perpendicular from a depth of 
nearly 12,000 ft 

Coral reefs sometimes appear as islands known as alolls. In some 
cases they present an exceedingly picturesque appearance — a narrow and 
nearly circular strip or ring of coral formation with a thin layer of soil cover- 
ing its surface and a luxuriant growth of cocoanut palms, the odorous, firmt- 
bearing screw-pine and breadfruit trees, enclosing*! lagoon of still water. 
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usually of considerable depth and often well stocked with fish. These 
circles of coral rock are sometinm complete showing no communication 
anywhere between the surrounding sea and the inner lagoon but as a rule 
they present one or more openings frequently of suffiaent width and depth 
to permit the passage of boats The largesi^atolls are about 40 miles across 
There is a small one in central Fiji named Vatu Vard which has an eleva 
tion of 1 030 ft On the slopes of the large island of Timor in the East 
Indian Archipelago there are many lofty reefs, the highest being almost 
atolls, with an elevation of nearly 4 000 ft above the sea 

The atolls nearest to India are the Mahiive Islands to the south west 
According to travellers accounts, they form vast masses at least as large as 
the Alps in total extent 

(15) Greatest Depth reached by a Diver going 1 ay 
down in an ordinary diving suit } 

Note— Frank Cnlley the chief gunners mate m the U S. Navy, 
descended to this depth in 191S to investigate the sunken American sub* 
marine referred to in Item 13 above The pressure at this depth would be 
about 10 atmospheres 

An armoured diving suit has enabled a diver to go down to a consider 
ably greater depth viz. 525 ft, m Lake Waicbensee, Bavaria, but a diving 
feat IS naturally easier in a fresh water take, where the currents are not so 
strong as m the sea the water is of a lower specific gravity and the pres 
sures therefore are lower 

A special diving apparatus has recently been constructed by an Italian 
firm for salvage work The steamer Egypt sank m a collision off the coast 
of Brittany (France^ in 1922 with a consignment of gold and silver worth over 
£ 1 000 000 She Lea m 400 feet of water This treasure is being recovered 
by the use of the new apparatus. Divers succeeded m penetrating into the 
treasure room of the steamer in June 1932 by blowing up the ceiling of the 
strong room with a chain of bombs put in position and by the end of 
August over half a nuUion sterling worth of treasure had been salved 
The device adapted for the work is a kind of robot, a mechanical steel 
shell with jointed anns and legs in which the diver descends, the 
apparatus being lowered by a wooden derrick from the salvage vessel 
operating above This shell is fitted with massive gbss windows capable 
of withstanding the pressure it will be subjected to and the diver need 
not breathe compressed air He inhales oxygen throughout at normal 
pressure and is thus able to avoid tbe use of compressed air with its atten 
dant evib and risks. The robot has telephone connection with the ship 
above. In the lower part of tbe apparatus are tanks into which the diver 
lets water by means of a valve when he wishes to go down and from which 
he expeb the water by compressed air when he wants to rise. But the 
most important part of the contrivance which has contributed to its success 
13 the movable arms dlding in a kind of pincers, like a giant lobster’s 
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daws, which are equipped with hammers and other mechanical appliances, 
all controlled by the man within the robot through water-tight connections. 

(16) Depth at which the Spectrum of Sea-' 

water in tropical regions is devoid of i „„ , 
colour, violet beiiig the last ray to f 
fade from the water 

Note. — This disappearance of colour has the effect 'of rendering the 
blue water at great depths brilliant and clear. In the far northern latitudes, 
however, the water below this depth would probably be as black as night 

The blue colour of the sea is due partly to the reflection of the sky, but 
mainly to the scattering of light by the gas molecules in the sea-water. 


(17) 


Stretch of Water across the Pacific'! 
which has been found to be an in- i 
visible fence without oxygen, form- T 
ing an effective barrier to sea life J 


From 300 ft.below 
the surface down 
to 1,000 ft. 


Note. — This belt stretches east and west across the ocean and is 100 
miles wide. It forms a fence separating the northern marine life from the 
southern. 


(18) Greatest Depth at which beds of pre- t i non ft 
cious Coral ^e sometimes found | 

(19) Greatest Depth reached by Divers by I 1426 ft 

descending in a Steel Sphere J 

Note. — ^This record descent was made by two Americans, Dr. William 
Beebe, oceanographer, and Mr. Otis Barton, in the latty half of 1930 in a 
Diving Sphere, a chamber about 6 ft in diameter and constructed of steel 
IJ inches thick. It had portholes fitted with fused quartz glass 3 inches 
thick and weighed 2 tons. It was built to withstand a pressure of 652 lbs. to 
the square inch or a little over 44 atmospheres. The interior was kept at 
sea level pressure, and an oxygen supply was taken for use under water. 
Through the steel hawser which lowered the sphere into the water electric 
Cables were connected to the sphere to provide current for the lamps inside 
the ball and to illuminate the submarine darkness outside. The two divers 
Went down in the sphere, furnished with a powerful submarine camera. 
Telephonic communication with the barge operating above enabled them 
to send up messages from time to time. 15 descents were made in the open 
sea off the coast of Bermuda Islands (east of U. S. A.), and on one occasion 
the divers reached a depth of 1,426 ft. They stayed at this depth for half an 
hour, and the total period spent by them this time under water was about 
an hour and a half. 

Among the marine life they observed during their descents were ; the 
* Spotted Ray of Bermuda’, a huge fish rhomboidal in ^ape, with spotted body 
and fins and poisonous spines; luminous fishes; a%lver hatchet fish with 
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violet lights, a huge black fish of a ravenous appetite, which pursues its 
luminous prey to the surface of the ocean at mght and is therefore called the 
* Eater of the Stars* , an ‘ Underwater Danger Signal t. e , a Sea Anemone 
expanding and waving its crown oftentades large in number, and lying m 
wait for unwary fishes. It sparkles like a ^jpich of gigantic cactus blossoms 
and shines with very bright colours. Cunous creatures glowing with white, 
yellow and pmk lights were subseQuently dragged up in nets from great 
depths, and they fought and devoured each other till the end 

According to American engineers, a steel sphere can be built to go down 
With divers inside, without difficulty, to a depth of even half a mile 

Such 13 the romance of the deep related to us in Biptilar Mechanics 
Magaane of October 1930 

From another journal we learn that the two investigators who descend 
ed in this sphere found that dose beneath the ocean surface the light was 
ordinary dayhght, but as they went fartlwr down, all the red and yellow 
colours of the spectrum of the water faded out entirely The blue colour 
faded uCTt, and there were now left only the violet rays at the farthest end 
of the spectrum where the wave lengths of Lght are shortest At depths of 
700 (t and over, the outside world of water stfll appeared to gbw though 
dimly, with these extreme, almost colourless violet rays The explanation 
given by physiosts is that this effect is due to the action, partly of minute 
suspended particles in the top layers of (he water, and partly of the water 
molecules themselves which absorb the rays of the ted and yellow end of the 
spectrum, but allow some of the violet rays to pass 

(20) Depths at which the greatest variety ) ooo ft 

of mar^e fauna is found i 

(21) Depth of the GuU Stream 6 oa- 2 ,iooft, 

Note —It Is the most famous of ocean currents The warmer water of the 
equatonal region flows into the Gulf of Mexico, where the Gulf Stream pro 
per takes its birth. It js deepest where it leaves the Gulf, and is here about 
50 miles broad. Passing along the Straits of Flonda, it flows off into the 
North Atlantic as the blue, swift flowing ‘over in the ocean’, attaming some 
times a breadth of 100 miles. ConUDumg its course northward it mingles 
With the Antilles current, from which it receives a further supply of heat 
Off Newfoundland it meets the cold Labrador current of the Arctic region. 
The difference in temperature between the two currents is so marked that 
on one occasion a ship passing from one current to the other found a 
temperature of 34® at the bow and 56* at the stem at the same moment 
Here at all seasons the mingling of the warm and cold air masses overlying 
the two currents produces the fog banks for which this part of the world is 
80 notorious and m spring airf early summer icebergs form a menace to 
shipping From off ijewfouodland the Gulf Stream sweeps onward in a 
broad, sluggish, shallow current known as the Gulf Stream Drift 
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(22) Approximate Depth to which the ') 

lower parts of the highest of Icebergs \ 2,625 ft. 

are under water J 

Note.— The specific gravity of ice is 0-9175 and that of sea-water 1-035, 
so that only about a ninth of the^total mass of an iceberg is above water and 
visible and the remainder lies below. In the case of an iceberg which is 
nearly uniform and cylindrical in shape, its depth below the surface of the 
sea will thus be about 8 times its height above the water. In the southern 
seas the icebergs are tabular.in form and are immensely larger than those in 
the northern, measuring up 111 30 miles in length. 

Icebergs are agents in transporting vast masses of mud, loose gravel, 
pebbles and rock from the north polar regions towards tlie temperate ones. 
Some have been observed conveying cargoes weighing from 50,000 to 100,000 
tons. As these masses float southward, their submerged portions slowly 
melt away owing to the increasing temperature of the sea-water until the 
bergs become top-heavy and capsize. Their load of earthy debris is in this 
way deposited on the floor of the ocean. Icebergs act as agents in tlie pro- 
cess of denudation of the sea-bed, carrying out their operations at depths 
sometimes exceeding 2,000 ft. 


( 23 ) 

( 24 ) 


Depths at which only the rarer forms 
of Fishes are known to thrive 

Greatest Depth from which a Whale 
has been hoisted up 


1,500-3,000 ft. 


3,000 ft. 


Note. — Capt. P. E. Hame of the cable repair ship 'All America’, while 
investigating the cause of interruptions in the service of the All America 
Cable Company’s line off the coast of Colombia (South .^merica), hoisted up 
a huge dead whale weighing about 90 tons. His theory, based on similar 
experiences elsewhere, is that the whale was taking food by scooping along 
the ocean bed. Digging too deep in quest of food, it must have picked up 
the cable and been strangled in turning over to disengage itself, for, when the 
monster was brought to the surface, 180 feet of cable were found coiled 
around its body. The presence of a whale at so great a depth, where the 
pressure would be about 1,332 lbs. to the square inch or 90 atmospheres, 
is explained by the fact that it is protected by a heavy coat of blubber 
which enables it to withstand such a pressure. 

The whale inhabits the colder waters north and south, and is rarely seen 
in tropical latitudes. The Province of Colombia is crossed by the equator. 
The reason that a whale could be found in such a warm region of the ocean 
is that this animal, especially the species called the Spenn Whale, is a great 
wanderer. Marine animals wander about in vast numbers on account of 
variations in their food supply. The minute forms of life on which the 
sperm-whale subsists are plentiful only in summer. To obtain the huge 
quantities of food it requires, this animal, says Dr. (paries Townsend of the 
New York Aquarium, wanders to and back every year over routes 6,000 to 
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8,000 miles long, enjoying the summer m the Northern Hemisphere and mig* 
rating to the Southern Hemisphere for the southern summer I 


(25) Depths down to which Sea Plants 
have been found growinc 


I 3,000-3,600 ft. 


Note — Plants do not grow below the level which sunlight penetrates. 
The plant found at these depths « a cluster of ‘Sea lettuce’. 


(26) Average Depth of the Arctic Ocean ... 3,95i ft. 


(27) 


Record Depth from which Reef build- 
ing Corals have been dragged up 


Over 4^00 ft. 


Note — Such corals have been dredged in the Ceram Sea, Dutch East 
Indies, from a depth exceeding 700 fathoms, 30 miles away from the nearest 
shore 


(28) Depth at which a huge black fish *) 

called the ‘ Underwater Torch > 4,soo ft. 
Bearer ’ has been found ) 

Note— It has a projecting tentadeon its head, which carries a ‘Bull's 
Eye Lantern’— a glowing ‘lamp’, and this helpful appendage lights its way in 
pursuit of prey 

(29) Depthat which ‘Illuminated' White) 5,s80fts= 

Fish have been found J i 

Note.— The pressure here would be about 1 ton to the square wchoc 
nearly 158 atmospheres 


(30) Average Depth of the Antarctic 
Ocean ^ 

(31) Depth from which Star Fish have 
been collected 


I 6.000 ft. 

J 7,560 ft. 


Note — These fish arc so named from the shapeof theirbody, which 
resembles a star The body usually has 5 rays or arms, though the number 
may extend to 40 os more. This fish is also named Stellend 


(32) 


Depth of the World's Water if the whole) 
land portion of the earth and the bed of }• 8,8oo ft 
the oceans were reduced to a uniform level J 


(33) 


Average Depth of the total Oceanic 
Area of the earth 


12 450 ft= 

2 m 2 f 1% yds. 


Note —The average elevation of the Earth’s land surface is only about 
1,440 ft 


(34) Average Depth of the Atlantic ) ^ 2 ,m ft 

Ocean i 

(35) AveragelSepthoftbeIndianOcean ... 13 , 002 ft 
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(36) 


Depth at which Submarine Cables 
are laid in the North Atlantic 


1,650-13^00 ft. 


Note. — At the bottom of the Atlantic, extending from Newfoundland to 
Ireland, a distance of nearly 2,000 miles, there exists a remarkable plateau 
known as the Telegraph Plateai# It is nearly 400 miles broad. It is upon 
this plateau that the cables are laid, its soft oozy surface providing an ideal 
cushion for the network. They were first laid in 1866. 


(37) Average Depth of the Pacific Ocean ... i4,052 ft. 

(38) Greatest Depth sounded in the Medi- 1 , . 

terraneanSea J 

Note. — This ‘trench’ lies between Sicily and the Peloponnesus. 

Up to 1920 deep-sea soundings used to be taken by what are known as 
the lead and wire systems, but since then a new instrument called the sonic 
depth finder is employed in all modem ships to sound great depths. This 
device is based on the principle that sound waves originating at the ocean 
surface pass through the water at a known or ascertainable speed, and after 
striking the bottom are reflected or echoed back to the surface. The interval 
of time between the emission of the sound and its return is measured with 
accuracy. The velocity of sound in sea-water increases with the tempera- 
ture, with the salinity and with the pressure, and varies from about 4,600 to 
5,300 ft. a second. The sonic depth finder automatically records the time 
taken by the sound to travel to and back, correct to the split second. The 
time required to take a deep-sea sounding with the new device is almost 
negligible, and a depth of 24,000 ft. is sounded in about 10 seconds. Besides, 
soundings can be made at very frequent intervals and even while the ship is 
in motion, staling at 10 to 15 knots. A stilt further ac^antage of the new 
method is that the instrument can be used in all weatner conditions. The 
science of sounding water depths is known as bathymetry. 


(39) Greatest Depth from which Verte- ) I6,500ft.= 
brate Fish have been dragged up J s m. i f. 

Note. — Fish with very large eyes named Bathylagus have been obtained 
from this depth, where the pressure would be about 3i tons to the square 
inch or 493 atmospheres. 

(40) Greatest Depth sounded in the Indian j gi ooo ft. 

Ocean J 

Note.— A Dutch submarine in 1924 measured, by the echo sounding 
method, depths exceeding 21,000 ft. north-east of Christmas Island situated 
south of Sunda Strait. There are parts of the Arabian Sea of immense 
depth, but only a few soundings have so far been taken, away from steam- 
ship routes. 

(41) Deepest Sounding made in the Arctic 1 23,ioo ft. = 

Qcean *1 4m.3f, 
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(42) 


Greatest Depth from which Sponges ) 
and Molluscs have been dredged up j 


Over 24 000 fL 


Note — ^MoUascs are a large division of invertebrate marine 
which includes the Cephalopoda Sea snml Sea slug etc. The highest in 
organization and generally largest class of molluscs are the Cephalopoda or 
Cuttle-fish group under which comes the Octopus or eight armed Dwil fish 
noted for its ferocity No particulars are available as to what particular 
genera of molluscs were obtained from the immense depth mentioned 
above or whether they included any species of the Cuttle fish family 
There is however a reliable record of the octopus having been taken 
from 11 250 ft and of the Eledontlla a genus related to the octopus, from 
17400 ft a depth at which the pressure would be 500 atmospheres We leam 
from The Sphere of 2nd April 1932 that one record specimen of the octopus 
Cephahptenis Vampyrus of the American coast, canght m Delaware Bay 
measur^ 171 ft long and 16 ft across and weighed 5 tons I 


The pressure at a depth of 4 J mites at which amma] life has been found 
to exist would be about 4| tons to the square inch or 725 atmospheres ! 


(43) Greatest Depth sounded in the North) 27972ft= 

Atlantic ) 5 m 2 f 84 yds. 

Note —This depth has been discovered lo the famous Nares Deep 
a mammoth trough or hole in the North Atlantic lying about 50 miles north 
of the island of Porto Rico West Indies and extending about 180 miles 
east to west with an average breadth of 40 miles 

Depths which exceed 18 000 ft are called Deeps and have names given 
to them About 60 such ocean pits have so far been charted of which 
the Paafic claims tiore than a half The largest is the Voldiva which 
extends around South Afnca and lies partly m the South Atlantic and partly 
in the Indian Ocean It covers an area of 1 136 000 sq m while the Murray 
in the North Pacific and the Aldnch lo the South Paafic are nearly as 
extensive 

(44) Deepest Sounding made m the) 32&44ft- 
oceans without striking bottom J 6 m i f loi yds 

Note —Several soundings have been made by a Japan»e survey sh p la 
the Tuscarora Deep in the Pacific off the east coast of Japan and about 1^00 
miles west of San Francisco Some accident to the sounding wire prevented 
a continuance of the operations This region of the ocean has not yet been 
thoroughly mapped- Oceanographers believe that this Deep is at feast 60 
miles long with an indeterminate width and depth 

(45) Greatest Depth m the ocean yeti 

sounded J (E»cycl Br J929) 

—New sound^igs are constantly taken in the oceans The deep* 
$ 5 t part of the ocean yet sounded is the Mindanao D^p in the Paafic, It 
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extends north to south about 45 miies off the coast of Mindanao, the second 
largest and southernmost island of the Philippine group. 

• This record depth in the ocean excels the elevation of the highest 
mountain peak on land, Mt. Everest, by 6,256 ft, and its discovery makes 
the known variation in the level ^f the earth’s crust a little over 12 miles. 

The pressure at the bottom of this great ' hole’ would be 7 tons to the 
square inch or about 1,065 atmospheres. 

(46) Extent of Elevation of the entire") 

Sea-bed if all the oceans on the >■ iTOft. 
globe dried up J 

Note. — ^The text of this item may look somewhat cryptic, but the 
meaning will be clear when we explain that, if all our oceans were to evapo- 
rate, the salts which would remain behind would form a crust 170 ft. thick 
over the whole sea-bed . — {Negretii & Zambra) 


Concluding Remarks 

The interior of the ocean has many igeographical features in com- 
mon with the land surface of the earth. The seas thus have their 
mountains, plateaux, -precipices, shelves or '.ledges of rock with 
abrupt brinks; gorges known as gulches; caverns or trenches; 
valleys ; plant life ranging from isolated plants and bushes to vast 
forests growing in the valleys ; animal life of great diversity and in 
abundance, and last but not least, archaeological jfpins, the remains 
of lost cities and islands. 

The bed of the ocean, like the land surface, is subject to earth- 
quakes or ‘seaquakes’ as they are sometimes called. A severe 
earthquake, believed to have originated in the Pacific Ocean off 
Central America, was recorded on 18th June 1932 at the observa- 
tory at West Bromwich in England, about 6,000 miles away. The 
oscillations in the seismograph produced by the shock were so violent 
that one of the levers of the instrument became dislodged. Seaqua- 
kes are often accompanied by volcanic outbreaks, and these two 
agencies have the effect of altering the sea-bed and causing displace- 
ment of the waters. Eruptions of submarine volcanoes have often 
been observed. They are accompanied by many of the phenomena 
noticed in land volcanoes — columns of smoke and ashes, and incan- 
descent stones catapulted from the submarine craters with enormous 
force, On 16th January 1931 huge columns of smoke -syere S9?n 



46 


WONDERFUL UNIVERSE 


rising from the sea at some distance o£f the Mexican seaport of 
Mazatlan, the shore being strewn with dead fish Evidently an 
undersea volcano was m action In India too evidences are now 
and again afforded of submarine disturbances At Porbandar in 
Kathiawar quantities of dead fish havl^ been washed up from time 
to time which could have been dne to no other cause 

The extreme depths of the ocean are cold, absolutely and perpe 
tually dark, and the pressures there, as has been noticed, are enor 
mous The temperature at the bottom of the deepest seas, except 
in the frigid zones, IS 2* to 3* C (356* to 37 4* F) above freezing 
point The ocean bed where the depth is not great is for the most 
part composed of sand, bat the deeper floors are covered with soft, 
sticky ooze, mainly of organic origin, being formed by the decay of 
sea plants and the disintegration of the shells or skeletons of micro 
scopic ammals, mixed with the volcanic dust borne away by the 
winds from time to time from land volcanoes m action The sea bed 
18 also the receptacle of most of the meteorites that fall from the 
sky, as the major number of those which fall on the earth must be 
falling into the ocean, considering that over 7^l0ths of the surface 
of the globe is occupied by water 

Marine zoology is a vast subject In the domain of biology it is 
an empire by itself There must be more varieties of ammal life 
in the ocean tban^c land The largest animal is the Whale, which 
m the great northern rorqual or blue whale, the largest creature on 
the earth, is known to grow to a length of over 100 feet A fall grown 
member of this speaes weighs 120 tons or more and its circumference 
is between 30 and 40 feet Taking the weight of a fall grown man 
as 135 lbs , that of a full grown blue whale will thus be equal to the 
weight of a crowd of 2,000 men ! Other members of the mammoth 
class are the high sea Whale Shark which grows to 70 feet , the man 
eating Shark which reaches a lei^h of 40 feat , the Saw Fish 20 to 
30 feet long , the Devil fish measuring up to 18 feet across and 
weighing 1 to 5 tons , the Sea Elephant, the largest speaes of seal, 
which measures 20 feet in length and 15 feet In circumference , the 
Sea Horse or Walrus which attains a length of 20 feet, the Sea 
Umcornor Narwal, 12 to 20 feet loi«, with an enormous projecting 
tusk, 6 to 10 feet in length, spiralinfbrm and, like a screw, shooting 
S^^ai^htand taperingOia point | the Svfocd Fish which reaches ^ 
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weight of over 600 lbs. and a length of 16 feet and is armed with a 
3-foot bony sword ; the 10-foot Dolphin and so on. Among dangerous 
reptiles is the Sea-snake, which frequents the tropical seas and is 
abundant in the East Indiaf Archipelago. It has large platelike 
shields on its snout and a flattened rudder-like tail. It grows to 10 
feet, and its venom is said to be six times more virulent than that 
of the cobra or Russell’s viper and eight times as powerful as the 
krait’s. As many as 29 species of this reptile have been found. 
It appears that sea-snakes are occasionally carried to the lower 
reaches of rivers by the currents. In June 1932 six persons at 
Mayavaram in Southern India, while bathing in the Coleroon, a 
branch of the Cauvery river, were bitten by sea-snakes with fatal 
results. Similarly the giant estuarine crocodile; the largest and 
most ferocious of saurian reptiles, which inhabits salt waters 
in the rivers, is often found at sea. A full-grown animal attains a 
length of 30 to 33 feet ! From the fact that a crocodile 16 feet 
long recently caught in a pond in the Philippines weighed 19,800 
lbs. or nearly 9 tons, the largest salt-water crocodile probably 
weighs more than 16 tons or over four times as much as the largest 
hippopotamus. Among other reptiles is the giant Green Turtle 
found in the tropical parts of the Atlantic and Pacific Oceans. It 
is 6 to 7 feet long and attains a weight of 1,000 lbs. 

Among other strange creatures, which are fo«nd only in the 
warmer seas, are the Diodon and the Tetrodon, so named onaccount 
of their having only two and four teeth respectively, and the Globe 
Fish. These are all called by the general name of Balloon Fish. 
The Diodon and the Tetrodon are armed with spines and have the 
power of inflating their bodies by swallowing air and making it pass 
into cavities beneath the skin, which enables them to float on water 
like a hollow rubber ball and gives them an almost spherical shape. 
As their bodies distend, the spines erect themselves. In the case 
of the Globe Fish the air swallowed by it passes into a ventral sac 
and inflates the whole animal like a balloon, thereby 'enabling it to 
float. 

Another curious inhabitant of the tropical waters is the Fljdng 
Fish, which large and long pectoral fins and a caudal fin whose 
lower lobe is very long. With powerful stroke:^ of the tail it rushes 
through the water and, with the initial velocity acquired, leaps into 
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the air where it can sustain itself for a time With its pectoral fins 
outspread it flies a considerable distance, sometimes as much as 200 
yards The Catalina Flying Fish of the South Californian waters 
IS one of the largest known specie^ s^netimes 18 inches m length 
Its flight power is strengthened by long ventral as well as dorsal 
fins It is believed that these fishes fly to escape from the attacks 
of larger fishes, especially the dolphin They are marine examples 
of those strange land creatures, the flying lizard, the genus Draco, 
of the Malay Penmsula and Borneo the flying lemur of Java, the 
flying frog of Java and Borneo, the flying snake of Borneo, the flying 
moose of Australia and the flying squirrel of North America, which 
(except in the case of the flying snake) are provided with membranes 
which serve as parachutes 

The whale is not a fish in the technical sense, but a warm 
blooded mammal In spite of its enormous size it has a mortal 
enemy in the sword fish — the ‘gladiator of the sea — though the latter 
is considerably smaller Owing to its formidable weapon this fish is 
dreaded not only by other monsters of the deep but also by manners 
It has attacked stout wooden ships with disastrous eflecL Its sword 
has penetrated 11 inch oak timbw and even copper sheathed hulls 
A thrilling account is given by some whale fishers of a long, fierce 
but drawn battle which they witnessed between a huge sword fish 
and a whale, in -^ich the former os usual was the aggressor Throu 
ghout the fight the swordfish adroitly kept clear of the wtales 
powerful weapon, the tail Again and again it took a leap of 8 to 
10 feet out of the water and viciously struck at the head of its foe 
with its sharp blade At last with a supreme effort the whale 
leaped 6 to 7 feet into the air and came down with a mighty splash, 
when both the combatants disappeared 

The terrible strength possessed by many of these sea giants 
is often displayed m their chance encounter with man A huge 
t/cttypus, ■& fish csQ he fecicw/ia at. hsmts, bam-WA 

entangled m the anchor of a small fishing boat at an Australian port 
and gave its occupants the thrill of a lifetime It was as much as 
they could do to shake off the monster and save their lives Another 
deadly enemy of fishermen, uhich is found m the tropical seas, is 
the saw fish It possesses tremendous strength as well as sav^ery 
It 19 armed with a bony lance with a serrated blade One such giant 
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recently got under a 20-ton yacht off the Panama coast and towed 
it for five hoars until at last it was captured. It was 31 feet long 
and weighed 5,700 lbs., more than 2i tons. The barracuda, other- 
wise known as the sea-wolf, a fish which averages 10 feet in length, 
is notorious for its ferocity and the 'deadliness of its bite. On several 
occasions it has attacked swimmers and mangled them. The sting 
ray is another dangerous fish. It can inflict a poisonous wound 
with its long, flexible, whip-like tail which is armed with a barbed 
bony lance near the root. But the villain of the seas most dreaded 
by swimmers and by fishermen venturing out in small craft is the 
man-eating shark. We often hear of dramatic battles between this 
fish and man. Sometimes fishermen lure these monsters to their 
doom by throwing quantities of animal blood into the sea and spear- 
ing them as they rush to the surface attracted by the smell of the 
bait, for the shark has an acute sense of smell. A shark’s stomach 
is sometimes a veritable conjuror’s box. The stomach of a large 
shark caught at Honolulu contained among other articles a horse’s 
leg with hoof and shoe, a piece of turtle-shell, a tin can six inches 
square and a gunny bag ! In the southern seas there is a species of 
seal called the sea-leopard on account of the whitish spots on the 
upper part of its body. It is a powerful brute, sometimes 6 feet 
long, and when fully grown it can bite off a man’s hand or foot. 

The gymnotus or electric eel found in the marshes of Brazil 
and Guiana has a marine example in the Torpedo or Electric Ray, 
a fish which has its habitat in the warmer seas. It weighs from 60 
to 200 lbs. Nearly 20 species have been discovered. It owes its 
electric power to special paired organs between the head and the 
pectoral fins, consisting of a large number of vertical gelatinous 
columns with membranous partitions between and provided with 
numerous filaments branching from the vagus nerves, the whole 
apparatus functioning like a voltaic battery. Under excitement 
the animal’s nerve force is transformed into electric force through 
the medium of the electric organs, and the animal subjected to the 
shocks becomes numb. This singular power of the fish was known 
to the ancient Greeks and Romans, as a powerful species of it 
occurs in the Mediterranean. 

It is quite common for a larger fish to pre^ on a smaller one. 
The shark eats the comparatively small flounder, which in turn 
7 
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feeds on the tiny minnow. But it is extremely rare to come across 
a fish which wiU attack fishes larger than itself for food. A d<^ fish, 
a small bat rapacious species of shark commonly found off Southern 
California, has been seen to give battle to a cod bigger than itself, 
which soon fell a victim to the fierce attack. 

One remarkable variety of fish life in the ocean is the Coloured 
Tish. The 'butterfly' cod is a curious fish with alternating bands of 
black and white around its body. It consequently looks like 
a monster bntterfly. Thera is one type of fish, vioiet and gold green 
m colour, called the Isabelle, and another kind known as the 
Coquette, with flaming yellow, black and vermilion stripes The 
chambered nautilus’, a denizen of the southern seas, is a jelly fish 
of a beautiful purple and cobalt blue colour. Contact with it 
produces an effect similar to scalding. The Opah, a beautiful fish 
about 4} feet long found in the eastern seas, the Atlantic and 
Arctic Oceans, is remarkable for its extraordinarily rich colours 
The upper part of its back and sides is green with tints of purple 
and gold, passing into yellowish green below, the fins being bright 
crimson In the eastern waters of America is found the scnlpin, 
another remarkable fish It has a long born and a large bead 
furnished with sharp spines, with which it often wonnds nnwary 
fishermen. Its mouth is big enough to enable it to swallow fishes 
much larger in ^iz^ than its own comparatively small body I It 
changes colour with the same ease as a diameleon. In spite of its 
terrible weapons the sculpm generally prefers to be left alone, and 
trusts to Its ability to change colour, to hide its presence When 
lying m the shelter of a dark rock covered with crustaceans and 
pink, brown or green plants, the sculpm will be seen to have a 
dark colour mottled with pink, brown or green. On a patch 
of brown vegetation it will be all brown, and on a bed of white 
sand it will be as pale as the sand. 

But by far the most interesting fishes to be found m the ocean are 
the 'lanunous fishes’’, which may "be aptly termed the ‘ste'llar system 
of the ocean’. They are provided with luminiferous organs which 
enable them to pursue and caphire prey m the dark depths. 
Besides those mentioned already, there Is a deep sea fish of the 
angler family called the Ltnophruntda, It has a luminous tentacle 
shooting up from Ss nose, and is the proud possessor of what is an 
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extreme rarity in the finny race— a beard, which trails under its 
lower jaw, and this beard is luminous ! It is armed with formi- 
dable spines on the head and back, and long sabre-like teeth. There 
is another species of the same family, the Photocoryms Spiniceps, 
an inhabitant of the Gulf w Panama, with similar spines and 
teeth. Its female carries her mate, an animal much smaller than 
herself, as a permanent fixture on her forehead ! A finished example 
of wifely devotion, or — as some may look upon it — of a submissive 
wife and a hen-peck»jig husband, for the male is a crown of 
thorns I 

The Sun Fish, an animal which looks like the head of a large 
fish severed from the body and often attains a diameter of 12 feet, 
and in rare cases a weight of 17 cwts, or more, has been seen 
to glow in the dark like a white-hot cannon-ball. In one species 
of shark, the Sgualus Fulgens, the entire surface of the body gives 
out a greenish lurid light, which makes it appear a ghastly object 
like some monster spectre. 

The ocean waters, especially in tropical latitudes, are very rich 
in noctilucent polyps and pyrosomes. The tentacled sea-pen, a 
feather-shaped polyp, dances in the waters in a greenish light. The 
pyrosomes or ‘fire-bodies’ which, along with other luminiferous 
animalcules are known as Nocttlucae or Radioflagellata, are 
minute molluscous animals which unite in vast nu«ibers and form 
a hollow transparent cylinder no larger than a finger. Myriads 
of noctilucae dance through the obscurity of night like tiny glow- 
worms. A traveller relates an amusing incident about the efiect of 
this phenomenon on land animals. As he landed one evening on 
the shore of a tropical sea, a dog close by began to bark at him 
furiously. He filled a glass with the noctilucous sea- water and threw 
the contents full at its face. Terrified no doubt at the sight of what 
looked in the dusk like a quantity of liquid fire, the dog sharply took 
to its heels, though it kept barking from a respectful distance I 

The production of light by the larger luminous fishes and the 
marinR animalcules, as also by certain land organisms, was for a 
long time described as ‘phosphorescence’. Though in its real sens? 
this term means no more than the property possessed by certain 
bodies of emitting light in the dark in the manner of phosphorus, many 
geologists nowadays discard its use lest it should be tqken to imply 
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that the phenomeiion is due to the presence of that inflammable' 
suTsstance in the bodies of these cteatotes, and call it hiolumittescence 
instead. But this light-producing device is almost absolutely cold ; 
in other words, almost the entire chem^l energy of the process Is 
converted into light without any generation of heat. The emission 
of light is attributed to the oxidation of a compound known as 
luciferin, in the presence of a ferment called luciferase. Professor 
Newton Harvey, a zoologist of Princeton University, U. S. A., has 
recently announced the results of some careful observations he 
carried out on a few luminous deep-sea fishes. He obtained two 
examples of a fish dredged near the Bermudas from a depth of 
{jbout:4,8QQ ft, and succeeded in keeping them alive by putting them 
in icy sea-water pf a temperatnre equal to that occurring in iheir 
habitat. They were over 12 inches long and had luminous orpxna 
on each cheek, which gave out a bluish light when tbs Ashes were 
handled, ’and two lateral rows of large laminiferoos devices, besides 
smaller ones distributed all over the surface. Another, kind of 
lominoas fish examined by Harvey was a small shrimp, barely an 
fnch and a half long, dredged off the Bermuda coast from a depth of 
between 3,600 and 4,800 ft. He studied it also in a living state in 
icy sea-water. He found that, nnder the stimulation of a touch, 
the shrimp ejected a cloud of blaish light from glands near the mouth, 
and this secreti|\n, diffusing through the sea-water, enveloped the 
whole body in a flood of light. 

On land there are certain animal as well as vegetable organisms 
which are luminescent. The most important of the former are a genus 
of beetles familiarly known as the fire-fly. Some species of this 
insect give oat a steady light, while others like the glow-worm 
flash light intermittently. Different sub-species, again, emit light 
of different colours — bluish, green, greeiush- white, yellow or reddish. 
The light is produced inside cells and emanates from two or three 
basotna spedes the e^s 
and pnpae also are luminescent. The Elaier or Pyrophorns 
hocf tiuc«s, of which there are about 90 sub-species, is one of the 
brightest of fire-flies. It is found only in America in the vast area 
extending from sonthem United States to the southernmost count- 
ries of South Ame^ca. Its Ifeht is so brilliant that m Hayti ( San 
DQmiii|0 ) in the West Indi« and some pther tropical parts of 
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America these insects are used for purposes of illuminatioD, and 8 
or 10 confined in a phial send forth sufScient light to enable a person 
to read or write ! In the Amazonian forests fire-flies emitting green, 
yellow and red light assemble in multitudes on the plants and trees 
overhanging the banks of smafi. streams, and their beautiful lights 
mirrored in the water turn these areas into little fairylands. Besides 
fire-flies there are several other orders of animal organisms, 
for instance the centipede family, some of whose species are 
luminescent. But even more interesting than the fire-flies are the 
luminous plants, which consist of two groups. There are r^rtain 
species of fungi growing in decayed wood, whose mycelium or fine 
thread-like fibres are luminous. Sometimes both the mycelium and the 
pileus or cap emit light. Some remarkable species of mushrooms 
are found in the forests of Borneo, Brazil and other tropical countries. 
Travellers say that they glow with a steady, continuous light so 
powerful as to illuminate a whole jungle ! Some of the plants are a 
foot high, upwards of a foot in diameter and weigh several pounds. 
In one case, 'an explorer plucked one such mushroom and on 
placing it on a newspaper found that he could easily read the print 1 
A noteworthy feature of these luminous plants is that they shine 
both night and day. In all these cases the light is produced by the 
same chemical agencies as in the luminous fishes. 

It is exceedingly rare to come across aquatic ^finals that uttef 
cries or emit other sounds. The hippopotamus, the ‘dreadnaught’ of 
the African rivers, grunts, snorts and bellows at times, and when ft is 
infuriated its grunt is powerful enough to be heard a mile away. The 
alligator bellows loudly at night. Among marine creatures, the 
giant turtle of the Galapagos Islands in the Pacific off Ecuador, 
South America, bellows at a certain time of the day ; the sea-lion, 
a large member of the seal family found in the southern hemisphere 
and in certain parts of the North Pacific, barks or roars when hungry; 
the gurnard, a fish inhabiting parts of both the Atlantic and the 
Pacific, produces a curious sound resembling grunting or grumbling 
when takpn out of the water and is therefore also called the 'gmnter'; 
the ‘croaker\ a small fish of the Atlantic but also found near the 
coast of California as well as in fresh water, makes a croaking 
noise when caught, and the maigre or shade-fish, common in the 
Mediterranean, sends forth a sort of whirritir noise as it mgvef 
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throagh the water. In the salt lagoons of Batticaloa, an extern port 
of Ceylon, are found 'singing fish*, believed to be shell-fish, which 
emit musical notes. 

It is a wonder how deep-sea fishes pianage to live at such enor- 
mous depths. The pressure on every square inch of the body of 
every animal that lives below 15,000 ft., a level at -which the pressure 
approaches 3 tons per square inch or 450 atmospheres, -will be over 
2? times the pressure that will drive an express railway train I 
Deep-sea fishes cannot live in shallower %vaters, and have a well- 
defined 'ceiling* in mid-water. Those which climb far up in pursuit 
of prey are unable to return to their hannts and die through distension 
of their organs caused by the considerable diminntion in the pressure 
oa their bodies. The Viper Fish, a denizen of the icy regions of 
the seas, lives at a depth of 3,000 ft. When forced up into the 
wanner waters above. It gives ont a sort of hissing or fizzing sound 
like that produced when the contents of a soda-water bottle are 
poured into a glass, as a result cf the greatly reduced pressure oa 
its body. 

A perhaps unique instance of sea-fishes adapting themselves in 
the long course of time to the changed conditions of life in fresh 
water has come to our notice. The great fresh-water lake of 
Nicaragua in Central America is inhabited by several kinds of 
sea- fish including (he shark. It is generally believed that this lake was 
in comparatively recent geologic times an inlet of the Caribbean 
Sea and that as the result of a volcanic upheaval the sea life of this 
inlet became isolated and was imprisoned in the inland lake thus 
formed. Owing to fresh water continuing to flow into it, the lake 
gradually lost its salinity and in the course of centuries became a 
fresh-Tvater lake, but its marine life has In the meantime adapted itself 
to the altered conditions. The same types of life as occur in 
it ace found to-day inhabiting the salt waters of the Caribbean Sea. 
Lake Nicaragua, however, still maintains an indirect connection 
with the Caribbean by precipitous falls leading to a river which 
empties its waters into that sea at the port of Greytown. 

Marine fauna and flora are xnmre abundant in temperate and 
polar seas in tropical waters, but there greater variety of 
life in the warmer se32, 
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The Tvater of the ocean', like any other H^nid, aljsorhs a certain 
amdrint of fte gases vrith -which it comes into confect. The i^cnliaf 
breathing apparatns or gills of the fish only function if the air absor- 
bed by them contains a greatfc percentage of oxygen than does the 
atmosphere. At the surface of the sea the oxygen content is about 3 t 
per cent of the -whole absorbed -while it is present to the maximum 
extent of only 21 per cant in the atmosphere. Imfx?rfent discoveries 
have been made by Dr. Erik G. Sloberg, oceanographer, on the 
subject. By a chemical stntfy of thonsands of samples of -water 
taken from varions depths in the oceans, he finds that there is less 
free o.'sygen in the waters of the Pacific than in those of the Atlantic, 
and there is more in the water of great deeps of both oceans fean in 
that at moderate depths. The highest o,xygen content in the 
Pacific -water was found at the surface, where it -was nearly satura- 
ted. The content diminished with depth up to a certain point, 
until at 2,000 ft it -was less than one i^rt in a thoo^nd of -water, 
bnt from this depth do-wnward, the oxygen content increased again 
until it attained its maximnro at the floor of the ocean. The highest 
oxygen ratio in the deepest -waters was found to be 3-45 parts per 
thousand of -water. A lower j^rcenfege of oxygen in the depths 
than at the surface is explained by the fact that a large quantity of 
it is consumed by the marine organisms and cannot be directly 
replaced. • 

The popular impression is that the sea is always salty, bat 
explorers have recently found a 30-ft. surface layer of fresh -water 
at some places in the Arctic Ocean, The explanation of this 
apparent paradox is that the melting snow and ice from glaciers 
and icebergs supply the fresh -water. There may be s imilar layers 
of fresh -water in the Antarctic due to the same causes. At the 
entrance to the Baltic Sea, in the Skagerrak and Kattegat, 
patches of fresh -water are also encountered that imve flowed do-wn 
from the surrounding hills. 

The officers of the British steamer ‘Asphalion’ in 1931 came 
across a magnificent phenomenon in the Atlantic a few hundred 
miles north of the South American Guianas. As the vessel -was 
steaming into a hea-vy south-west swell she met -with rough broken 
seas, bnt the -waters appeared smooth, for ‘e^h combing breaker 
left a shadowless -wake of white, boiling -water The expanse of water 
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looked like a ‘sea of milk' and conlmaed to do so for fully five hours, 
throwing the horizon of ink black sky and milky sea into bold 
contrast* 

This temporary milky appearance a portion of the sea and the 
discovery of fresh water layers m the Arctic and elsewhere may 
remind our Hindu readers of the fifth and the seventh of the seven 
oceans with which Hindu mythology surrounds the earth — Kshira 
sagara (ocean of milk) and Jalarpava (ocean of sweet or fresh 
water) 

Sailors often report having seen the waters of the ocean boil and 
bubble away The acbon, they say, is so vigorous that the surface 
at times becomes invisible owing to the rising vapour. An expla 
nation of this phenomenon is advanced by Mr Albert Noden, ocsa 
nographer, who observed an occnrrence of this kind at Eiamtz, a 
French port in the Bay of Biscay He attributes it to sudden changes 
in the weather The previous night there had been a sudden fall m 
the air temperature to a degree or two below freezing pomt The 
change was too rapid for the sea water to respond to In ^e morning 
when the ocean appeared to be boiling, the temperature of its 
water was found to be 15’ to 20’ higher than t^t of the air 
immediately above The relatively warm water was giving off 
vapourwiiich condensed the moment it rose into the colder air and 
formed a layer oP cloud on the sea surface 

There is, however, one small corner of the ocean where the 
water is actually Warm and remains so throughout the year Strange 
to say it iSin Iceland, which at its northern limits is touched by the 
Arctic Circle There is a spot m this island where the Atlantic 
washes through a lava ridge filter so hot that a lagoon of warm 
water forms behmd it To the inhabitants near by and to visitors 
this lagoon affords a delightful place for sea bathing 

The age of the ocean according to Jeffreys' calculations is more 
than 1,300 million years 

We shall close this brief snrv^ with an attempt to arrive at an 

estimate, thougharODgh one, oftbeweigbtoftheOcean We know its 

superficial area ( 141,038,687 sq miles) and mean depth (12,450 ft ), 
and can find out the pressure at this depth We are adopting the 
Average depth m oi^ calculations, and in doing so assume a level 
bed fot the ocean The area of sucfi a bed will no doubt be a little 
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less'than the above mentioned superficial area of the water, but if 
we tahe the two areas as equal, the difference will not materially 
affect the result of our calculations. Now the pressure on any area 
of the sea-bed is the weight q{ the column of salt water over it, and 
at a depth of 12,450 ft. the pressure will be 2*44 tons to the square 
inch. We have thus only to calculate what the pressure will be 
at the bottom over the whole area of 141,038,687 X 5280" X 12" sq. 
inches. We thus find the weight of the Ocean to be 1'38 quintil- 
lion tons, about -0002 that of the whole earth. Abbot, it may be 
noted, says that the world’s water weighs not less than 1-25 
quintillion tons. 

Throughout the whole ocean there are about 35 lbs. of salts to 
every 1,000 lbs. of sea-water, so that the total quantity of saline 
matter in all the oceans amounts to roughly 48-3 quadrillion tons. 
It is estimated that every year half a billion tons of salts are carried 
to the sea by the American rivers alone. 



CHAPTER III 


1 ) The Earth’s Land Surfa& 

2 ) The Earth’s Atmosphere : The Lower Troposphere 

Come forth into the light of things, 

Let Nature be your teacher. 

— Wordsu'orik 

There is nothing beyond the pleasure which the study of 
Nature produces. Her secrets are of unfathomable depth, but it 
is granted to us men to look into them more and more. ‘-Goethe 

We now start on our exploration of the land surface of 
the globe and its gaseous envelope. Our first idea was to 
begin at sea level, but curiosity led us to investigate whe- 
ther there was any tract of land below that level compar- 
able to a respectable ocean-bottom. As a result we com- 
mence our pilgrimage from a place which, so far as its 
extent of depression is concerned, may be described as a 
miniature Hell on Earth! But we may digress a little 
before s'tarting. 

>^'^The Earth’f5 Atmosphere or Gaseous Envelope consists 
of two layers. .Its ‘ground floor' or lower layer is called 
the Troposphere which is the storm-bearing area, and the 
second or upper layer, the Stratosphere. The two layers 
are separated by a boundary region known as the Tropo- 
pause. The Troposphere is a curved layer running 
parallel to the earth's curved surface with an upthrust in 
the central part, v 

(1) World's Lowest Tract of Land—an' 

extensive plain at the base of 
Mt. Mauna Kea, Hawaii or Sand- 
wich Islands, North Pacific J 

f.]ote.— 'For further particulars vide Item 82. 

(2) World’s Lowest Lake—the 1 1,292 ft. below 

Dead Sea f 

Note.— It is a de^^blue lake aboht 53 miles long with an average vridth 
of 10 miles and a maximum depth rf 1^ ft. It lies in a vast depression, and 


) 18,000 ft or 

I 3 miles 3 f. 60 yds. 
f below sea level 
(Encycl.Br., 2929) 
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its shores form the second lowest land in the world. It is enclosed on the 
east and west by bare, steep mountains composed of either limestone or 
sandstone or strata of both. In places along the shore tower up precipitous 
cliffs to a height of about 2,000 ft. The ground around the lake 
consists of salt-marshes, deserl^ plains covered with salt incrustations, 
hillocks of rock-salt and a marshy plain covered with reeds and desert 
vegetation. For the most part, therefore, the Dead Sea is surrounded by a 
vast, sterile, desolate wilderness. The sun’s rays are scorching, and the 
air is salty. 

While the proportion of saline matter in the ocean is 4 to 6 per cent, the 
Dead Sea has a salinity of 23 to 25 per cent. Its water is so salty and bitter 
that no animal life can exist or survive in it, and fish carried down by the 
currents of the Jordan river die in a short time. The abnormal salinity of 
the lake is due to the washings of the salt-marshes and rock-salt hills and to 
the very rapid evaporation caused by the fierce rays of an unclouded sun, 
and to a lesser extent to the brackish springs in the region. The density of 
the Dead Sea water is roughly 1-16 and it increases from north to south, so 
that-at the southern-end it goes up to 1-25. A person who wades in the lake 
finds when he is about neck-deep that he is swept oH his feet and that, while 
swimming, the shoulders remain the whole time above water. 

The mineral resources of the lake are now being exploited by a British 
Company called the Palestine Potash, Ltd. As it was found that the water at 
a certain depth contained more salts than the surface water, iron pipes have 
been laid at a depth of 175 ft., and the water is carried by means of wooden 
pipes to the evaporating pans. Owing to the intense buoyancy of the water, 
the divers employed to help in laying the pipe-line under water met with 
considerable difiiculty in their operations, and extra weights had to be 
attached to their suits to enable them to dive to and Say at the required 
depth. The salts present other than sodium chloride (common salt) are potas- 
sium chloride and bromide, calcium sulphate and chlorides of calcium and ma- 
gnesium, the most plentiful being magnesium chloride, the percentage of which 
to common salt is nearly 2 to 1. The quantity of potassium salts in the lake 
is estimated at something like 2 billion tons, while that of magnesium chloride 
may amount to 30 billion tons or more. Fresh water for the needs of the 
Potash Works and the working community is obtained from the Jordan. 
In 1931 over 13,000 tons of carnallite (crude potash salts) were harvested by 
mechanical methods, and a small plant installed in February of that year was 
able to produce over a ton of refined bromine daily. Besides this product, the 
Dead Sea waters are now made to yield large quantities of mineral salts 
useful for the preparation of fertilizers, chemicals and medicinal drugs. The 
term ‘Dead-Sea fruit’ may therefore shed its sinister import and acquire a 
new meaning hereafter 1 

(3) World’s Lowest Group of Thermal) 1,200 to about 

or Hot Springs— those in the}- 684 ft. below sea 

Jordan Valley, Palestine • ) 
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Note -^ear the shoree of the t>ead Sea and In its 1333111 Re nutneroos 
warm eulphur springs Copious streams <rf this spring water flow Into this 
lake along the mountain gorges The waters of the Dead Sea possess valuable 
curative properties and are particularly benehaal in rheumatism and skin 
diseases There are hot springs also aroujjd the Sea of Tiberias a smaUer 
lake Situated due north of the Dead Sea and connected with it by the Jordan 
river It has several biblical names aod is mentioned in the Gospels as the 
Sea of Galilee It lies 684 ft below sea level, and at least one spring lies 
below the level of the lake 

These spnngs have been famous since the time of Joshua ( 1426 B C ) 
The temperature in the largest is 57 8* C ( 136® F ) 

(4) Situation of the World's Largest ) 84 ft. heiow 

Lake— the Caspian Sea j sea level 

Note— It is a salt water lake about 800 miles long and 100 to 275 miles 
broad Its maximum depth Is 3X01 ft, and it is the second deepest lake 
In the world 

(5) Highest Mound built by a Bird ... ... 14 Jt 

Note —In Northern Temtory and Queensland in Austraha Is fonnd a large 

species of jungle-fowl, or scrub-fowl as it is also called Its sdentifie name 
IS Mtgapodiua Tumulut or AfegopoiSus Dupenyt By scraping together 
earth sand, stones and decaying vegetable matter, it builds its nest, an 
immense mound rising like a crater In the centre at the top, at a depth of 
2 to 3 ft , it deposits Its eggs which are hatched, not by incubation but by the 
heat generated by the decomposing vegetable mass Plenty of these mounds 
are met with also m the islands about Endeavour Strait and round Cape 
York. One mound measured by the ornithologist Gould was 14 ft. high and 
150 fL in arcumfe^ce. 


(6) 


World’s Highest Ternutaria or 
White Ant Nests — those in Nor 
them Australia ( Northern 
Territory ) 


1 20 ft 

fiSniycl Br 1929) 


Note —Termites orwhite antsastbeyare popularly called are among the 
most highly organized in the insect kingdom They are pnnapally confined 
to tropical countries and are found m great abundance in Northern Australia, 
SouthAmenca,EastandWestAfnca TbeirnestsarepyTamidsorcones built up 
of particles of earth cemented so firmly that they are said to be capable of 
the weight of three or four mea The termitana of Northern 
Australia, reach a maximum height of 20ft and are 12 ftindiameter at the 
base. Hundreds of termite nests, 15 ft higb or more, are found in parts of 
Uganda in East Africa shooting up at regular intervals the flanks of the 
bigger ones being broken by little acce^ory cones The intenor of the nest 
IS a veritable labyrinth divided off into numerous irregular cells commu 
tslcating with each other by galleries E\ery termite colony has its Lttle 
underground gaidens—cells filled with white masses of a fungus cultivated by 
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ifs workers. Entrance to the interior is afforded by hidden pathways' and 
Underground passages. The deeper recesses 'are the rearing places of the 
brood. In a large chamber in the heart of the nest reside the king and the 
queen which are much larger than the other-members of the colony, -and the 
royal apartments are guarded b# a regiment of soldiers. The queen is 
a repulsive creature with an abdomen enormously distended with eggs, and 
has a skin so transparent as to render visible the tubes and strings floating 
about in the liquid interior. A termite-queen has been found’ to lay 1,000 
eggs in one night The eggs, as they are dropped, are received and carried in 
their mouths by relays of workers to minor chambers throughout the nest 
The chief enemies of the termite race are spiders, toads, lizards and bats. 

The French natmralist, Dr. F. A. Ponchet, refers in his book The Universe 
to termitaria which contain chambers so large that a dozen men can find 
shelter in some of them, and says that hunters place themselves in them to 
lie in wait for wild animals ! 

(7) Height reached by the world’s first 

experimental, manned, Rocket- 
driven Aeroplane— Germany’s 

‘Man-carrying Fireworks ’ 

Note. — The hero of this daring experiment was Fritz von Opel, a famous 
German sportsman, who helped in the development of the spectacular 
rocket-propelled motor car. The rocket-plane in which he made his experi- 
mental flight Was a bullet-shaped monoplane, a ‘winged sky-rocket’. 16 
powder rockets, each 18 inches long and 3 inches in diameter, were placed 
in the metal compartments at its rear, their recoils being counted upon i to 
propel the machine. Three 10-lb. rockets were exploded to launch it and 
the others exploded during the flight. The rockets, as Uiey burst, ejected 
balls of flame and clouds of smoke. The following graphi* iescription of the 
flight appeared in the Press in October 1929 as a special cable from 
Frankfurt ; — 

'A dense cloud of smoke with a ball of fire in the centre, moving with 
lightning speed through the air with a deafening din and suddenly falling to 
the earth, caused consternation in the countryside. The phenomenon was 
Fritz von Ope] who, strapped into the asbestos-lined cockpit of a rocket- 
driven aeroplane (without engine and propeller) of which he is the designer, 
was hurfled into the air by means of a rocket-driven truck, which ran along 
the rails till it struck a buffer, the aeroplane being thence catapulted 
into the air, a battery of rockets behind the wings continuing the propulsion. 
The machine travelled over a mile. The pilot was exhausted. This is the 
first time that a rocket machine has had a passenger.’ 

(8) Elevation of the World’s Coldest 1 

Town— Verkhoyansk, north-eas- P 160 ft 

> tern Siberia, 67“ 30' N., 134® E. J 

'Note, — In -winter the-piercing Arctic winds sweep over the vast, 
inhospitable, treeless plains known as tundras w^ich l|e in the part^ 


About 75 ft. 
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of both Asio,Hc and Enropean Rossla lying within the frigid zone. 
These winds travefse also sparsely wooded regions snch as those 
north of the Verkhoyansk Moontalns in north eastern Siberia 
There is a small area here lying on both sides of the Arctic Circle 
and separated from the sea by nearly ^,000 miles Its annoal ram- 
fall is below 10 inches, and while exposed to the flullmg blasts of 
the north, it is absolutely cnt off from the warmer south west winds 
by the great Central Asian plateaux. In the winter, which is ex* 
■tremely severe, the ground hes boned in snow, and the atmosphere 
becomes laden with frozen vapours. Rivers freeze right to the 
bottom. Trees become frozen to their core, and the axe, in spite 
of the hardest strokes, fails to make an impression upon them. 
The average wmter temperature at Verkhoyansk, a town m this 
r^on, IS -49®C. ( -56®F. ) Sometimes the thermometer drops 
to -65®C. ( -85“F. ), the lowest temperature recorded being -69®C, 

{ -‘9^F . ). The mean summer temperature m this area 60^F., and 
with its average wmter temperature of -56®F. it has the enormous 
range of 116®F. In fact there is a greater variation in the tempe- 
rature 10 this region than is fonnd anywhere else on the globe A 
geologist of the Russian Academy of Sciences has discovered a still 
colder spot m this area m a valley of the upper reaches of the Indi 
girka river which are sortounded by mountains 7,000 to 10,000 ft. 
high. The mean temperature here from December to February is 
from 3® to 5® lo^9er than that at Verkhoyansk. The last Meteorolo 
gical Glossary mentions the lowest temperature registered on the 
surface of the earth to be -93 6^F. ( -6^ 8 C. ). Even m Antarc- 
tica the average temperature has been found to be -51®C. (-60®r.) 
in wmter, and near the ice cap of Greenland -50 5® C. (-59®F.) in 
January and February. 

A member of a mountaineering party to Mt. McKmley (20,300 ft) 
in Alaska reports having found at 15,000 ft thermometers which 
had been left by a previous expedition and the arrow markers of 
which pomted to temperatures lower than -95® F. He adds that 
there are also indications that a temperature of -lOtf^ F. (-73'3® C.) 
had been reached. U $)♦/ G>3ii 

If snch are the records of extreme cold the earth has to show, 
what are the records of extreme heat on it ? It is well known that 
9 f all r^ions the tftpics are the hottest, bnt even here it is the deser^ 
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areas where the intensity of summer heat is most marked. So far 
as India is concerned, the Pat Desert in Upper Sindh tops the list. 
Jacobabad, the chief station in Upper Sindh Frontier District, is the 
hottest town in India. One Jafcie day in 1919 the thermometer here 
rose to 127® F. The highest temperature recorded at this station 
during the summer of 1932 was 123® on 23rd May. Maximum 
temperatures a degree or so higher than 120® have also been record- 
ed occasionally at other places both in and outside Sindh, chief 
among these being Hyderabad (Sindh), Deesa, Jodhpur, Multan, 
Montgomery, Lahore and Dera Ismail Khan. As the land in and 
near Jacobabad is well irrigated and the town is more or less shel- 
tered by trees, the summer temperatures at the vill^es in the most 
arid parts of Pat Desert are probably some degrees still higher than 
at Jacobabad. Owing to its most scanty rainfall. Upper Sindh has 
a longer summer than any other part of India. Its Frontier District is 
hotter than even Iraq or Arabia. At Baghdad the highest tempera- 
ture recorded is 123®. The hottest area in Asia is the Jordan 
Valley in Palestine, where the thermometer in summer sometimes 
rises to 130®. The only other region on the earth where a still 
higher temperature has been registered is western Sahara, where the 
highest day temperature recorded is 132-8®. The highest night 
temperature recorded in the whole of Sahara Desert is 104®. In 
summer, at Shikarpur and other places in Upper Suidh the readings 
sometimes do not fall below 100® even at midnight for weeks to- 
gether. Yet the extremes of temperatures here are remarkable. In 
winter the temperature at night often falls below freezing-point, and 
ice forms even as late as February. 


( 9 ) 


Vertical Height or Height 
above the pool of the World's 
Broadest Waterfall— Niagara 
( "Thunder of Waters’ ) 


150 ft. on Canadian side 
and 

164 ft. on U. S. side 


Note.— Niagara’s total breadth at the brink is 4,750 ft, but an island 
in the middle named Goat Island, about 1,000 ft wide, divides the Fall into 
two parts. The width on the Canadian side is over 1,760 ft and 
on the U. S. side roughly 2,000 ft The waters plunge into a chasm about 1,000 
ft. wide, and it is estimated that about 11,170 tons of water precipitate them- 
selves into the chasm every second I The Falls have been harnessed for the 
generation of electrical energy, and part of this terrific force is used for 
the h'ghts which are turned upon Niagara at n^ht Attempts are 
being made to broadcast the roar of Niagara across the Atlantic, 
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, (10) Height to which a Geyser has been 1 

found to throw up jets of hot water [- 250 ft 

at an eruption J 

Note —Geysers are boJing spnngs^hich, Lke volcanoes, are subject 
to intermittent eruptions At sudi times they eject columns of boiling 
water, steam, mud etc , sometimes with loud explosions. Their high tern 
peraturelslargely due to the heating of the wfdla of fissures in rocks whithare 
subjected to volcanic influences whereby tbe water is gradually raised to the 
boiliDg point under pressure and etfdodes into steam when the pressure is 
relieved An interval of time must elapse before there can be a repetition of 
theprocess Geyseraresultgeoerallyafterpowerful volcamc eruptions m their 
Vicinity have ceased They are moat numerous m the Yellowstone National 
Park Area Wyoming, USA, and tn Iceland, one of tbe most volcanic 
regions on the earth. There are nearly 100 geysers in each of these two coun 
tries The Yellowstone region contains, besides the geysers, upwards of 3,000 
non eruptive thermal springs. The largest geyser m this area is the ‘Giant 
Geyser^, which begins an eruption by filling its basin with boding water, 
forming a well about 22 ft aaoss with a visible depth when quiescent of 
100 ft. It throws up Its mam column of water to 60 ft or more, but 
a thinner spout rising from its apex ascends to a height o! 250 ft above the 
ground level The explosions attending tbe ejection of hot water are 
preceded by clouds of steam which rush up to a maximum height of 500 ft 

The largest geyser m Iceland is the Great Geyser, which ejecta a column 
of hot water, with loud explosions, sometimes to a height of over 100 ft 
Hie eruption ends in a column of steam which shoots up with temflc force 
and a thunderous noise Non eruptive hot springs are met with practically 
throughout the isEirnd In the volcanic areas sulphur springs and boibng 
mud lakes are common All these phenomena are due to the operation of 
common underground forces 

(1 1) Maximum Height of natural ‘ Earth Pillars * 400 ft 

Note — ^Theseareformedby the accumulation of soft earth and other 
materials washed away by ram Tbe highest are found In the Sawatch 
region ( In Colorado, USA.) — ( NesrelU & Zambra ) 

(12) World’s Tallest Tree— the Eucalypitis 1 

Amygdahna, the mammoth Gum Tree 480 ft. 
of Australia J 

Note —Trees of this phenomenal height have been felled. They were 
lOO ft. m circumference near the stem The Eucalyptus another 

Speaes of the Eucalyptus, and the Sequm Ctgantea or WeUmgicnta the Big 
Treed California though not as tall, ate other trees which grow to great 
heights. The Sequoia is a magnificent genus of evergreen coniferous tree^ 
like the pine and th^^ress The tallest, called ‘The Beauty of the Forest', 
ism Calaveras County and IS 327 ft. high. We are told by Pouchet that at 



LAND-SORFACE & LO'\\'ER TROPOSPHERE 


6 S 


San Frandsco a piano was placed and a ball given to more tban twenty 
persons on the stump of a Wellingtonia which had been brought there ! 

(13) Elevation of the World’s Largest Fresh- 1 ^ 

water Lake— Lakf Superior, Canada J 

Note. — Its length is 3S3 miles, maximum breadth 160 miles and greatest 
depth 1,180 ft 

(14) Height which Sand Dunes or Sand HiUs \ 5 ^ - 

have been found to reach \ 


Note 

These are hillocks of blown sand which skirt the coasts of Holland, 
England, Spain, Java, Peru and other countries. They are also 
formed on windward ccasts of large inland lakes hatdng sandy 
shores and in desert areas like Gobi, Takla-Makan, Eastern Sindh, 
Arabia and Sahara. When sand-storms break, the sand rises with 
great force and often forms numerous hillocks with passages 
between of varying width. The average height of dunes on shores 
is 50 to 60 ft. On the south coast of Java they are 50 ft in hei^t 
and 300 to 1,600 ft in breadth. Dunes sometimes reach considera- 
bly greater heights and on the coast of Holland they occasionally 
rise to 260 ft In the Takla-SIakan desert and in the sandy wastes 
in the interior of Anstralia they are often 200 ft high. The world’s 
record, however, is held by the San Lnis Valley f f South Central 
Colorado in the United States of America, a country which contains 
large desert tracts. In this valley the dunes sometimes attain 
heights of 700 to 800 ft above the surrounding land levels. In the 
districts of Thar Parkar and Snkkur and the eastern portions 
of Kfaairpnr State in Sindh, the desert tracts, known as the 
R^stan, consist almost entirely of ranges of sand-hills, picturesque 
owing to their bold outlines, some of these hillocks being fairly well 
wooded. 

A well-known phenomenon of the desert with its boundless sun- 
baked wastes is the mirage, an optical illusion often seen by travel- 
lers. It is caused by the refraction of light through contiguous 
strata of air of different densities or temperatures. This refraction fre- 
quently produces a visual effect similar to that of direct reflection. 
Sometimes the mirage assumes the appearance of a sheet of water 
reflecting the shadows of objects within and aiSund the plain, and 

9 
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deceives Ihe thirsty traveller. A mirage has also the effect of making 
a distant oasis with its palm trees appear to be close by. Even 
the trained eye of the Bedanm is sometimes deceived by this pheno* 
menon. ^ 

Travellers often report having met with what are called 'musical 
sands’. Different explanations are given by writers as to the cause 
of this strange phenomenon. Says the Evening News oj India of 12th 
August 1931 ; — 

‘The Bertram Thomas expedition to the Empty Quarter of Arabia 
broughtback some weird accounts of that eenephenomenon/ musical ’sands 
Singing sands, laughing sands, barking sands moamsg sands— natural pheno 
mena — are responsible for generations of fantastic travellers’ tales and native 
superstitions of buried aties. and sinister underground populations The 
“music" vanes from sonorous rumblings to the high pitched notes of a 
string instrument Authonties diKer as to the cause Some hold that mil- 
Lona of grams of sand of the same size, in regular impact, produce the 
sound waves, audible as uncanny, supernatural voices of space Others, 
that sand grains are coated with salts which form a film after the evapora 
tion of water As the grams rub together, the film produces a sound com. 
parable to the action of resm on the bow of a wohn Smging beaches are 
more common than smgmg dunes Of the former there are some 74 m 
America There are laughing sands m South Africa, rumbling sands m 
Chile, moaning sand dunes m the Western Sahara between Timbuctoo and 
Morocco, musical dunes m the Libyan Desert, and barkmg sands m Kauai, 
one of the Hawaii Islands Singing beaches perform only when the sand is 
disturbed, but the Otrange voices of the desert dunes charm or terrorize, as 
the case may be, la moments of the most impressive stillness ’ 

It IS said that 'musical sand’ is composed almost wholly of clean 
rounded particles of quartz, and the more rounded the grams as is 
the case with the desert sands, the finer is the music sent forth 
when wmd causes them to rub together. The only ‘smgmg sands’ 
WQ have heard of m Asia are those found in China , in Europe 
those in Eigg Island, a small island west of Invernessshire in 
Scotland; and m America those of Far Rockaway m Long Island 
near 'New "York. 

(15) Average Elevation of Australia 822 ft 

Note —This means that If the surface of this continent were reduced 
to a uniform level, Its height above the sea would be 822 ft 

(16) Vertical Height or Hefeht above the 
pool of tne Gersappa India 


830 ft 
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Note 

A considerable part of the material for this Note is drawh ftom 
the District Gazetteer, Kanara, Bombay Presidency, 1883. These 
falls form the highest cataract#in Asia and fifth highest in the world. 
They are situated in the midst of dense evergreen forest on the 
frontier between Mysore State and the British District of North 
Kanara. From a baclcground of richly wooded hilts the picturesque 
river Shiravati meanders southward shining like molten silver, until 
near the site of the falls it is divided into four distinct streams by 
huge masses of rock. These streams, after flowing to short distances, 
plunge into an abyss about 230 ft. broad and 960 ft, deep. The 
pool below which receives this stupendous volume of water is 130 
ft. deep, so that the falls have a vertical height of 830 ft. The prin- 
cipal cataract called the Raja tumbles sheer over the cliff as a vast 
turbid torrent until it disappears about 300 feet below in a sea of 
spray. About a furlong and a half to the left is the Roarer, so 
named on account of the furious turmoil that accompanies its descent. 
After a short course down a precipitous channel, its waters are 
caught in a basin and from there rush along a sloping wall of rock 
until they develop a momentum so great that the cataract continues 
its raging career for some 50 feet across empty space on leaving the 
lower edge of the precipice and unites with the Raja, the two great 
falls thus assuming the form of a capital K withouH the lower arm. 
Alittle over a furlong to the left of the Roarer is the third fall called 
the Rocket, Tumbling straight into the chasm for about 100 feet 
on to a projecting tongue of rock, this cataract sweeps downward in 
k smooth, graceful curve, ejecting glistening jets of spray and sheets 
of foam. Some 500 feet to the left of this beautiful cascade is the 
fourth and last fall, La Dame Blanche or White Lady. Unlike its 
sisters it descends gently down the cliff throughout its career 'like 
folds of silver gauze shaken by giant hands’. 

At the height of the rains the four cataracts unite into one magni- 
ficent and gigantic column of water, nearly 2,200 feet wide. Gersap- 
pa then becomes the broadest waterfall in the world, since the 
width of Niagara, as has been seen, is broken by an island. It was 
roughly estimated by Captain Newbold who visited the Gersappa 
Falls in August 1845, that at this time of they^r liearly 1,200 tons 
of water were being hurled oyer the clifif every second — ^about one- 
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ninth the quantity of downpour at Niagara The thunders of the 
cataract which seem to shake the surrounding region are heard 
for miles around in this season. 

The most impressive view of the aiyss and of the falls in their 
descent is that afforded from the top of a rock which projects a 
httle from the edge of the cliff near the Raja. Here the visitor hes 
down as a measure of safety and gazes into the dizzy abyss. The 
greater part of it is shrouded m the deepest gloom We cannot do 
better than reproduce Newbold's description of the sight below . — 

* I lay on this shelf and drew myself to ita edge, and as I stretched my 
bead over the bnnk, a sight burst on me which I shall never forget I 
have since looked down the fuming and sulphurous craters of Etna and 
Vesuvius, but have never experienced the feelings which overwhelmed 
me in the first downward gaze into the abyss at Gersappa. One might 
gaze for ever into that seething diasm where the mighty mass of the 
Shnavati's waters ceaselessly bunes itself jn a mist shrouded grave.’ 
The present writer had the thrill of witnessing & remarkable 
phenomenon at these falls m December of a certain year. As be was 
gazing from his station near the brink of the precipice into the dark 
depths of this yawning abyss, the sky was suddenly overcast and a hea\7 
shower of ram followed On its cessation a sea of mist rose from the 
chasm and rapidly enveloped the whole area around For a few mi 
nntes, wherever he turned his eyes he conld see nothing but white 
clouds — clouds lyoand hun as well as at his feet, and with the clouds 
also overhead he felt as if be had been suddenly transported into the 
heart of cloudland high above the earth. With the reappearance of 
the sun soon after, the mists gradually melted away and then followed 
a gorgeons rainbow which spanned the gleaming columns of the 
four great falls 

On a sunny afternoon dnnng the rams will be seen here a torrent* 
bow, a similar arch of prismatic colours formed above the spray of 
the waters by the refraction and reflection of sunlight The pheno 

as well have penned the Imes in reference to these falls •— 

' From these four jets four currents in one swell 
Across the mouotam stream’d below 
In misty folds that floating as they fell 
Lit up a torrent bow * 

The dm and t^raoil, the clonds ^ spray that rise from the 
^yss, the sheets of foam thrown up by the turbulent waters, alf 
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these give the impression of powers of darkness being incessantly 
at work in the depths below. Byron’s graphic description of the 

Cataract of Velino could aptly apply to the Falls of Gersappa ; 

'The roar of waters Ih-from the headlong height 
Velino cleaves the wave-worn precipice ; 

The fall of waters ! rapid as the light 
The flashing mass foams shaking the abyss ; 

The hell of waters I where they howl and hiss, 

And boil in endless torture ; while the sweat 
Of their great agony, wrung out from this 
Their Phlegethon, curls round the rocks of jet 
And mounts in spray the skies, and thence again 
Returns in an unceasing shower.’ 

The petrological formations of Shiravati’s bed and of the area 
of the falls are of the metamorphic tj^ie, consisting of gneiss and 
several varieties of schist of underground origin embedded with 
bisulphide of iron. 

Owing to the increasing demand for electricity in its territory, 
the bordering State of Mysore has a big electric power generation 
scheme at these falls. The Durbar in consultation with the Bombay 
Government has completed arrangements for preliminary surveys 
and gauging operations in connection with this project. It is esti- 
mated that if hydro-electric power is generated from the Gersappa 
Falls, an output of 80,000 horse-power can be developed with a 
storage reservoir of about 42 billion cubic feet capacity. 


(17) Average Elevation of the Surface of Europe -985 ft. 

(18) Height ( above ground ) of Fracto- 1 

Nimbus Clouds, popularly known j- 300-i,oooft. 
as ‘scuds’ J 

Note. — These are loose vapoury clouds detached from a rain-doud 
and drifting rapidly. They form only when a strong wind is blowing. 


(19) World’s Highest Suspension Bridge 'i 

— ^the bridge that spans_ the Royal V liOS3 ft. 
Gorge of the Arkansas River, U.S.A. J 

Note.— It is built 1,053 ft. above the floor of the chasm and serves as 
an approach to several recent additions to the new National Park of 
Colorado. 


(20) Average Elevation of South America 

(21) World’s Tallest Building— the Em* 
pire State Building, New York 


1,200 ft. 
1,252 ft, 
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The building Wis opened in May 1931. Its total cost of con* 
strnction amounts to over / 5,000,000 It has 102 storeys, with 
amooring mast for small dirigibles 200 ft. above the rooh At 
the top of the mast is a chamber fitt^ op as a lighthouse Four 
beams of white light visible for upwards of 50 miles at sea and able 
to pierce an ordinary fc^ radiate from it A second signal displays 
a ballot light from which six beams radiate. Xu daytime, an obser- 
ver on the top of this lighthouse would, m clear weather, command 
a honron of more than 40 miles. The limit set for skyscrapers by 
the American Institution of Steel Construction is 2,000 ft. There 
are to day nearly 400 skyscrapers — ^mote than 20 storeys high— -in 
the United States of America, half of them being in New York 
hlone 


Hero are some other tall structures in the world • — 


Httfht tfumbtr 4 
tnjeet Storeys 

(1) Bol Gombar, Bijapur, India 198 1 

—This 13 the famous tomb built Sultan 
Mahomed ( ICZd-lSSd ) as the last testing’ place for 
himself and his family The building is crowned by 
B massive dome, the largest to the world, with a 
diameter of 124 ft. The height of the dome from 
its base is 90 ft Its inner apex is 175 ft above the 
floor of the buildjog and as the dome is at this 
place 23 ft thick, the total height of the building 


comes to 1% ft, 

(2) Tungchow Pagoda, China About 

200 

13 

(3) 

Kutab Min^, Delhi, India 

238 

5 

(4) 

(5) 

He Vieige Lighthouse. Fimstdre, Bnttany, 
France 

Tallest Minaret m Cairo, Egypt 

247 

280 

21 

(6) 

St. Peter’s Cathedral. Rome 

333 

25 

(7) 

St Paul’s Cathedral, London 

365 

23 

(8) 

Campanile (Bell tower of the church), 
Cimona.lt’aly 

396 

31 


N B— Erected in 1261-54 In the third storey 
fs an enormous astronomical or astrological dock 

(9) Great Pyramid, Gizeb, Egypt 451 

^ B— At the base this monument is 700 ft 
lohg. It was erected about 3000 B C and is even 
to-day regarded as ^ marvel of ardutecture and 
engineering 
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Height 
in feet 


(10) Cathedral of Strasbourg, Bas-Rhin, France 465 

(11) Cathedral of Cologne, Germany S12 

N- B . — This is the world’s Inest example of 

Gothic architecture. It took six centuries to build, 
the foundation being laid in the 13th century, 

(12) Washington Monument 555 

(13) Woolworth Tower, New York 792 

(14) Eiffel Tower, Paris 984 


N. B . — It is the world’s tallest tower and is 
named after Alexandre Gustave Eiffel, a famous 
French engineer, who constructed it in 1887-89. The 
first storey is 200 ft. above the ground floor, and the 
second 700 ft. above the first. 84 ft. above the 
second storey is the sky chamber in which Eiffel 
used to live out of a love of fresh air. Lifts, for 
which a small fee is charged, are now available to 
carry visitors to the top. Frequent examinations 
of the hydraulic bases of this tower have shown 
the foundations to be stiil as sofid as when they 
were first laid. 

(15) Chrysler Building, New York 1,030 

(22) Average Elevation of North America 

(23) Average Elevation of the Earth's entire 
Land Surface 

(24) Elevation of the World’s Deepest Lake- 
Lake Baikal, Siberia 


Number of 
Stores 

40 


42 

58 

3 


177 

1350 ft. 


1,440 ft. 


1,516 ft. 


Note. — Its length is 421 miles and breadth 15 to 46 miles. Its coast- 
line is 1375 miles long. The greatest depth of the lake is 4,993 ft. The bed 
here is thus 3,477 ft. below sea level. The lake is connected with the city 
of Irkutsk to the west by the Trans-Siberian Railway. Mineral springs and 
hot alkaline springs exist at various places round its shores. It is surround- 
ed by granite cliffs which often rise sheer from the water’s edge in lofty 
walls, but they do not shelter the lake from the winds. Sudden storms 
arise and lash its waters into huge waves, and at such times it presents the 
appearance of a sea. In fact, owing to its enormous depth and the presence 
of seals in its waters, it is considered probable that in the remote ages the 
lake formed a gulf of the sea, though geologists hold that it was at no time 
connected with the Arctic Ocean. The belief that it was originally probably 
a part of the sea is supported by the geological theory explained under 
Item 122. 

Near the northern shore of the lake lies the islan^of Olkhon, which is 
Inhabited, With an area of 32 miles by 10 miles, it is one of the largest lake* 
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islands in the world The deepest sounding taken was at a spot dose to this 
island The water of the lake is extraordinarily dear The surface is fro 2 en 
from January till the second half of May with ice over 3 feet thick and 
in winter the lake is crossed tm dedgea. 

( 

(25) Average Elevation of Africa i .600 ft. 

(26) Average Elevation of Asia i,€ooft. 

Note 

The lower of these (1,155 ft) are situated at Sitakund, Chitta 
gong District, Bengal, which contains a number of temples Sitakund 
lies on the top of a range of hills and is a well known place of 
pilgrunage visited by people from all parts of the Province An 
interesting feature of the locality is the inHammable gas which issues 
slowly from crevices m the rocks 

The other springs ( 1,958 ft ) he in a temple m the Beas valley 
in the Kangra District of the Punjab It is an important place o! 
pilgrimage. Sir Louis Dane, a former Lieut Governor of the 
Provmce, who visited it when he was Assistant Commissioner of 
the district, found there devotees from so distant a place as 
Hyderabad ( D:2ccan ) The temple is built over jets of a natural 
gas which is combustible In the interior is a square pit about 3 ft 
deep with a pathway around In the middle of the pit the rock is 
slightly hollowed out about the mam fissure, and when a light is ap 
plied here, the gas catches fire It escapes at many other points 
from the crevices in the rocky walls of the pit, but it collects very 
slowly. The attendant Pujans or worshippers, when there is a 
large milax of pilgrims, keep up the fire with ghee (clarified batter). 
The flaming fissure is believed to be the fiery mouth of a goddess, 
and hence the name JwalSmukhi (*She of the Flaming Mouth’)i 
whose headless body is said to be m another local temple This shrme 
IS mentioned m the Manasa Khanda of the Skanda Pnrapa, the 13tb 
of the 18 Puranas ( religiousbooks of the Hindus), which contains 
a dialogue between King Dhanvantan of Kashi (Benares) and 
the sage Dattatriya. Replying to a question by the king regarding 
the route by whic^ a pilgrim rfioold make the return journey from 
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the sacred lake of Manasarorar, the sage names, among the places 
to be visited on the way, Jwala Tirtha ( identified as Jwalamnkhi ) 
where the pilgrim is required to worship the sacred fire and bathe in 
the Padmavati, thus compldling the pilgrimage. The dialogue 
between the king and the sage forms part of a long story narrated 
by Suta, a pupil of the great sr^e Vyasa, to King Janamejaya, the 
son of Parikshiti. All this shows that these sacred springs are of 
hoary antiquity. 

In the vicinity of Jwalamukhi are six hot mineral springs. 
Their water is impregnated with sodium chloride ( common salt ) and 
potassium iodide. 

Natural gas like that at Sitakund and Jwalamukhi generally 
occurs in petroleum-bearing areas such as those of Assam, Burma 
and Java, The oil-bearing region nearest to Jwalamukhi is Khaur 
near Rawalpindi, a place also in the Punjab situated some 250 
miles away. The gas, though invisible, possesses a perceptible odour. 
Our ancients therefore must have discovered the Jwalamukhi 
springs in the coarse of geographical e.xploration. 

Java contains a similar example in the gas-fountains or holy 
fires of Melati Derat. These have a historical significance. In 
utilizing them for lighting holy fires the Hindus who colonized the 
island in olden times were evidently influenced by* the example of 
Jwalamukhi. 

The gas is more widely distributed than oil. There are numerous 
places "where it has been found but no petroleum occurs in the 
immediate vicinity. Like petrolemn itself, the gas is for the most part 
composed of hydrocarbons. In the Indian and Javan holy springs it 
oozes out slowly and in small quantities, which accounts for the 
absence of any serious fire hazard around them. In the 
fields of Oklahoma, Southern California, Texas and other great oil 
centres in America, the gas occurs in a compressed state and comes 
out in considerable quantities, often in the shape of giant gushers 
spouting oil high into the air. In the rich field of eastern Texas 
the buried gas is so compressed that its pressure not only lifts the oil 
to the surface but is used to drive the pumps. But as the gas is 
highly inflammable, the exhaust gas is burned aq^ tongues of flame 
as long as 30 feet dart forth from the exhaust. Almost up to the 
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point whence the flame starts, the exhaust pipes are coated with ice 
and frost by the chiUins effect of the rapidly expanding gas 

A remarkable instance of how compressed natnral gas some 
times reveals its presence in a startlif^ manner is related m Popular 
Science Monthly of July 1932 A citizen of Los Angeles ( Cali 
forma ) recently planned to bnild a house on a piece of land at one 
corner of which was a depression about 10 feet across. This 
depression was the site of an oil well abandoned long ago The 
work of construction was about to begin, when one a deaf 

ening outburst aroused the neighbourhood With a temfic roar a 
column of mud and water, propelled by a heavy accomulation o! 
natural gas, rose from the depression and shot up 150 feet into the 
air For four days the mud ram continued, until at last the pressure 
subsided 

According to the orgamc theory of the ongin of petroleum, which 
finds acceptance with most geologists to day, the components of the 
hydrocarbons occurring withm the earth s crust were generated from 
the remams of microscopic oigamsms of plants and animals of 
marine origin embedded m sedimentary formations In view of this 
theory and the one explained lo some detail under Item 122, the 
regions m which Jwalamukbi and Sitaknnd are situated must have 
originally lam under the ocean 

(28) The 'remarkable Chilian Baths, Chile, 7 u 
South America J 

Note —These are mineral spnngs— sulphurous ferruginous alkaline 
and both ice-cold and boihog spnngs lying in close proximity of one 
another In India too there are similar examples the cold and hot 
spnngs lying close to each other and shontng marked difference in their 
temperatures One group xs situated at the sacred place of Gaunkcmda on 
the MandakJni nver between the Himalayan shnnes of Tnyugi Narayan 
and Kddamath One October day at 5 p m , when the temperature of the 
surrounding air was IB** C ( 64* F ) and that of the nver close by II® C 
( 52® F ), the temperature of one of the springs was 23® C ( 74® F ) and 
of the oier, lying within 50 yards of the first 53® C. ( 128® F ) Another 
group in the Himalayan region is dealt with later on 
A remarkable group of sulphur spnngs lies in the Birbhum distnct of 
BengaL There are 5 or 6 hot sprir®sm the Bakr^sbwar stream about 8 mOes 
from Sur} and separated from them Iw only a few feet, are a number of 
cold springs. Near^akr6shwar there is another spring called Suryakunda, 
which IS the hottest in the Pronoee Its temperature is 88® C ( 190® F ) 
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It is stated that an egg can be boiled in it, though not rice. Suiyakunda is 
mentioned, among other springs, in the MSnasa Khanda of the Skanda 
PurSna. A few paces from it lies a cold spring. 

The vicinity of Pandeglang in Java is another place in Asia noted for 
its hot and cold sulphurous springf. 


(29) Vertical Height of the World’s Highest' 
Waterfall— the Cerosoli Cascade in the - 
Alps 


2,400 ft 


Note. — This information is taken from the Bombay Gazelleer, Kaitara, 
Part n, p. 2S5. 

(30) Base of Stratus Clouds 2,500 ft 


Note.— These are low clouds arranged in dense, uniform, horizontal 
bands or layers. The stratus is also known as the fall or night doud. 


(31) Record Height at which Cricket’s Chirp 1 „ rnn « 

has been heard | 

Note. — ^The climbing power of terrestrial sounds has been ascertained 
by means of balloon ascents, the ground staff coK)perating where necessary. 
The present item and similar others which follow later show the results of 
these observations. 


(32) Height (Vertical Thickness) of the 
thickest Valley Glaciers 


3,000 ft. 


Note 

The moisture which falls from the atmosphere u}lon those parts 
of the higher mountains that lie above the line of perpetual snow 
settles there as snow. This snow later on becomes an immense 
sheet with the yearly accretions, but while its upper portions remmn 
loose and practically unchanged, the lower layers are compressed 
into a substance called ueve or fim, which consists of snow as 
well as ice. Partly under the pressure of the masses above and 
partly owing to the water released by the slight melting of their 
surface snow under atmospheric heat, the lower layers become more 
and more compact and ultimately solidify into ice. These formations 
creep downwards from the higher mountain valleys to lower ones 
in long protruding masses known as glaciers. Glaciers are rivers of 
ice, and like rivers they often have tributaries. As they travel 
down the snow-line, they gradually melt under the influence of 
atmospheric heat, produce mountain torrents agd thus supply the 
w^ter that goes to form rivers. They cut deep grooves in the solid 
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rock in thsir passage In the course of their descent they carry 
fragments of stone that fall on fliem from the rocky walls of the 
valleys down which they move Sometimes the materials earned 
along mclnde boulders as big as hoices The debns which thus 
accumulates at the sides of a glacier forms what is termed a lateral 
moraine Two glaciers uniting together merge their adjacent 
lateral moraines to constitute a medial moraine The debris which 
IS ultimately deposited m the valleys at the lower extremity of the 
glacier forms a semi circular heap, which is called a terminal 
moraine As a glacier crawls along an irregular or steep channel, 
deep clefts are often formed in it They are frequently very broad 
and always terminate at the base of the glacier itself These are 
called crevasses They may be either transverse or longitudinal 
according as they cut the glacier across or m the direction m which 
it moves As the glacier passes down a sharp incline or travels 
along a highly uneven bed, its breakt^e also gives rise as in the 
Alps* to pyramidal masses of ice, 20 to 50 ft high, called siracs 
which are often found shooting up from the surface of the glacier 
m Urge numbers On the Rongbuk Glacier, which has to be 
crossed by mountameers m climbing Everest from the Tibetan side, 
some of these pinnacles are as high as 100 ft They thrnst them 
selves up from the boulders which cover a great part of the glacier 
These sharp edged peaks of tee, broad open crevasses, and crevasses 
hidden by treacherous snow roofs present dangerous obstacles to 
mountaineers endeavouring tocross such aglacier Icy water often col 
lects at the bottom of the crevasses, and with their solid chilling walls 
and intensely cold air these abysses form Natures gigantic 
refrigerators Explorers have occasionally been engulfed in the Alpine 
crevasses, and years after, their bodies lifelike and in perfect preserva 
tion, have often been given np by the ice in its slow funeral march 
down the mountain side In one case a whole expedition perished 
in a crevasse m Mont Blanc, and their bodies were surrendered by 
the glacier twenty years Uter, wonderfully preserved 

We may cow meation some of the biggest glaciers m the world 
Of the Alpine glaciers, which are nearly 2,000 in number, the lar 
gest are 10 to 15 miles long, 1 to 2l miles broad, and 100 to 600 ft 
thick or more T^e thickness trf one of them, the Aar Glacier, has 
b?en estimated at 1,510 ft "pie majority of the glac:^rs of tb? 
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Himalayas are 2 to 3 miles long, though the range contaius some' 
which are many times more extensive. But the Karakoram > Range 
is the nursery of the largest valley glaciers in the Eastern Hemis- ' 
phere. In his Geology of Ind^a, Professor D. N. Wadia mentions 
nine huge glaciers of these two regions, two of which belong to the, 
Sikkim Himalayas, two to the Kumaon Himalayas and five to the 
Karakoram. The Gangotri Glacier, which lies in the Kumaon Himala- 
yas, is 16 miles in length, while the Karakoram giants are from 24 to 39 
miles long, the two largest being the Baltoro and the Biafo. Glaciers 
whose respective lengths are 36 and 39 miles. Another writei; states 
that in the Remo Glacier, one of the Karakoram streams which has 
tributaries, situated about 50 miles south-east of the Baltoro Glacier, 
15 distinct moraines have been counted. The Karakoram glaciers 
lie in the Baltistan Province of Kashmir State. 

Some 5 miles south of the Remo Glacier lies a smaller one, the 
Khumdan Glacier. The mass of this latter lying at a right angle to 
the bed of the Shyok river (a mountain tributary of the Indus fed by 
the Remo Glacier) 8 miles below the village of Yapchan, pushes its 
snout into the river-bed. Once in two years or so, the glacier in. 
its slow movement across the bed entirely blocks the valley with a 
stupendous mass of ice which effectually ‘ dams ’ the river. This 
part of the glacier has therefore come to be known as the Shyok 
Dam. Competent observers have estimated it to Ifc over 1,000 yds. 
long, a mile broad and 500 ft. high. As thaw sets in, the level of 
the water behind this natural barrier rises and a huge lake is 
formed with a superficial area of nearly 25 sq. miles and an average 
depth of 175 ft. At last the numerous trickles below the glacier 
and the enormous pressure of the pent-up waters, combined with 
the action of warmer weather, cause the glacial wall to burst. It is 
said that its bursting can be heard for a distance of over 10 miles. 
The sudden release of the accumulated waters transforms the river 
into a raging torrent which goes to swell the Indus, itself already 
swollen owing to the thaw which begins about this time of the 
year (July). If the Punjab rivers at this time happened to be 
swollen with abnormal rains and their surplus waters united ,with 
those of the Shyok in the Indus above Sindh, a mighty flood would, 
resnlt-and seriously affect the river-plains along the whole course 
of the Indus in this Province. That the burst m a glacial 
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Central Kashmir shonld tinder certain conditions affect areas over 
a length of 1,500 miles, is remarkable The periodical floods caused 
by the formation and bursting of this great ice barrier have resulted 
in considerable havoc in the past Inel833 the flood rushed down 
the Shyok valley destroying every village m its path The most 
recent floods are those which occurred in 1926, 1929 and July 1932 
la the flood of 1929, the most senoos of these, the ice wall had only 
cracked, letting the water out by d^ees, and yet the gauge at 
Skardu, a villi^e at the junction of the Shyok and the Indus, rose 
from 17 ft to 42 ft , and the Altock gauge from 27 5 ft, to 56 ft 
Whole villages had to be evacoated Nowadays much of the 
danger is averted by timely measures As soon as the dam is 
formed, guards are placed to watch it, and constant reports keep 
the authorities informed of the sitoation all along the courses of the 
rivers as far as Karachi The aeroplanes of the Royal Air Force 
at Peshawar also help, if necessary, by reconnoitring the Shyok 
river and giving timely laformabon of the advance of the flood 
Tbs higher parts of the Alaskan Range m North America are 
the gathering grounds for some of the largest valley glaciers m the 
world Five or more of these immense tongues of ice are 2 to 4 
miles broad and 30 to 50 miles long But still bigger ones are found 
m Greenland They are the biggest and thickest of valley glaaers 
in the world T&ey are 2,000-3,000 ft deep, some ben® upwards 
of 50 miles m length From the mam valleys they push out seaward 
until at last with a deafening crash the advancing masses plunge 
into the ocean m huge cataracts of snowy fragments to form icebergs 
The impact with the sea surface is as startling as a thunder clap, and 
the rolling away of the high crested seas, followed by the rocking to 
and fro of the prodigious masses in the eSbit to regam their equili 
bnum IS a most impressive spectacle Greenland is really a sub 
continent covering 827,275 sq miles, an area about equal to the 
comiwfled areas Sogisiaf, Fisao?, Spsea, Germssy, oad 

Hungary Its name is highly misleading Instead of being an is 
land carpeted with vegetation it is a gigantic bowl of ;ce— avast 
bleak, desolate region, about 86 per cent of whose area is covered 
with a shield of ice Beyond the mam valleys the Greenland ice-cap 
mcreases m depth until at )ts centre it attains a thickness of 
8,850 ft, ° 
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About three-fifths of the eontinent of Antarctica, -whose area 
is 5,400,000 sq. miles, is covered by an enormous ice-sheet -with a 
thickness of over 10,000 ft around the centre. The glaciers of Ant- 
arctica are called ‘continentJl glaciers’. Geologists often include in 
this category the glaciers of Greenland also. 

Of late' years glaciologists have been employing the acoustic 
method to ascertain the vertical thickness of glaciers -which are ex- 
traordinarily thick. Sound has been found to travel in ice ( at -4'’C, 
or 24-8 “F.) at the high velocity of 3,232 metres or about 10,6’00 ft. 
a second. The depth of the central part of the Greenland ice-rap 
-was measured by means of a seismograph, the instrument which 
records earthquakes. Vibrations were artificially set up in the 
earth by djTiamite explosions and measured by the seismograph, and 
the time taken by the sound waves to reach the observer was recorded. 
Another set of waves passed through the ice to the ground below and 
were reflected back to the instrument. By chedking the difference in 
the respective lengths of time taken by the sound -waves to travel, 
the angle of travel of these -waves was measured and the vertical 
thickness of the ice calculated. 

The Glacial Epoch or Ice Age has for a long time been defined 
as that period in the later Tertiary Era in the geologic scale of time 
during which both the Arctic regions and the Temperate regions 
down to the parallel of 52“ N. latitude were coverefi with a sheet of 
ice which formed a polar ice-cap. Geologists have now come to the 
conclusion that there have been several Ice Ages in the earth's his- 
tory and that the last Ice Age commenced in the post-Tertiary or 
Quaternary period and is now only about half over in spite of scorch- 
ing summers. They remark that about 700,000 years ^o the great 
ice-sheets in the polar regions covered double the present area. 
They have been noticing that these vast masses have been melting, 
though very slowly, and pouring their waters into the seas. It is 
estimated that the glacial sheets that cover the Arctic and Antarctic 
regions are now about 6 million sq. miles in area. The ice-sheet on 
Greenland alone covers an extent of over 700,000 sq. miles, and can 
provide enough water to produce a sea 840 miles square and a mile 
deep. Similarly, the ice-pall over Antarctica can supply a volume 
of water sufficient to form an ocean 1,800 miles ^uare and a mile 
deep I The rest of the polar ice covers an area of 2,060,000 sq. 
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miles Scientists have been calcoUting what the extent of rise will 
be in the level of the sea the world over when all the polar ice has 
melted Dr \V J Hnmphreys of the United States Weather Bureau, 
in the light of the information gather^ m the Antarctic regions by 
the B5Td expedition and in Greenland by the late Professor Alfred 
Wiener and his party, estimates that this rise will be lol ft Under 
snch conditions changes must inevitably occur in the earth s aspect 
and climate Geologists, physicists and meteorologists have recently 
considered how the changes are already takmg place and what the 
ultimate result will be \ summary of the views expressed is 
before ns — 

* The earth is steadily growing wanner As all the ice at the two Poles 
melts a stupendous volume of water will be released Such floods 

are nothing new as we see by tbe manne fossils found on the tops of the 
Rockies Andes and other mountain ranges So within 30 000 or 40000 
years there will be another deluge Saltwater will sweep over the continents, 
leaving only the higher land dry Holland will be inundated Fish will sw m 
m Buckingham Palace and Westminster Abbey for most of England will Le 
beneath the waves Tbe Desert of Sahara wdl be a great inland sea What 
18 now New York will be marked by tbe upper stones and towers of the 
^taller akysaapers aa they )ut out of the water In an inundation which 
would thus change geography and which would be accompanied by a nse is 
temperature tbe climate would return to what it was when dinosaurs 
roamed tbe earth and dense jungles of dank gigantic fern grew in what are 
now Permsylvami^nd Canada Palms and alligators would flounsh at the 
Poles as they did millions of years ago 

What will become of man if dimatic condlbons are thus changed? 
Fee sheets in high latitudes produce strong contrasts m temperatures between 
the polar and equatorial regions Winds storms weather that changes 
from day to day are the result Maaflounsbes under such conditions If the 
Torrid Zone were to become even more tomd than it is and if what are now 
frozen tracts around the North and South Poles are to bear sub-trop cal life 
man s food supply will not be what it is now Professor G C. Simpson of 
the British Meteorological Office has advanced the theory that CheUean 
Moustenaa and other races of men that once flourished in Southern Europe 
were wiped out because the climate changed and inedible vermin took the 
place of the animals that were hunted No one can tell what may happen ff 
a new carboniferous era should frflow the warming of the earth Man is 
about as old aa the present Ice Age R is a question ff he will survive ft, * 

Having given an idea of the extent of ice present m the polar 
r^ons, we aSay ilaw tty to ascertain its approximate weight on the 
fcasis df Humphreys estimate, already mentioned, of the rise in 
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the level of the seas when all the polar ice has melted. This dee 
will yield a la^rer of water spread over the whole oceanic area of 
the earth to a depth of 151 ft. and to lesser depths over the coastal 
plains. We Jmow the tota? oceanic area to be 141,038,687 sq. 
miles or 141,038,687 X 5280- sq. ft. Now a cubic foot of pure 
water at 4° C. {5‘9’2P F. ) weighs 62-4 lbs. or ton. The weight 
of the 151-ft. layer of fresh water ov^ the present ocean surface 
will therefore amount to 141,038,687 x 5280® X 151 X = 16>54 
quadrillion tons ! To this has to be added the weight of the water that 
will be responsible for the submergence of the coastal plains. So an 
estimate of the order of 20 quadrillion tons, we think, can be put 
forward as the weight of all the polar ice on the globs. 


(33) Record Height at which Locust swarms 1 , fw, « 
have been seen flying 3 

Note. — These pests have been seen flying high enough to constitute 
a nuisance to aeroplanes flying at ordinary altitudes. In November 1929, 
as the inward Indian Air Mail ’plane was flying at a height of 3,000 ft. about 
100 miles from Bushire, some of these insects got in through the window 
of the aeroplane. About the end of November in the same year a swarm 
of locusts extending over a front of 25 miles swept past the city of Marra- 
kesh, the andent capital of Morocco, taking three hours to do so. The 
swarms were so dense as to darken the sky. An aeroplane was ordered to 
follow their movements, but it was soon beset by hordfs of these insects 
unill the pilot sprayed them with poison gas and forced masses of them to 
the ground. By a curious coincidence, in the same month an immense 
cloud of these pests passed over Ahmedabad (India), shutting out the sun 
and sky during the course of their flight. In Science and Invention of May 1931 
Mr. Paul L. Hoefler, the leader of the Colorado African Expedition of 1928, 
gives an account of locust swarms which were seen in October of that year 
above the vicinity of Lake Baringo in Tanganyika. The cloud of locusts 
was computed to he about 150 miles long and 50 miles wide. We have come 
across one instance where these insects attempted a ‘ non-stop flight' across 
the ocean ! Many years ago locusts were seen from a steamer in the Atlan- 
tic at least 1,200 miles away firom land, in swarms so vast as to 
completely obscure the sky. A still better idea of the enormous 
numbers composing these hordes may be gathered from the fact that in the 
island of Cyprus 1,300 tons of locust eggs were destroyed in the year 1881. 


3,000 it. 


(34) Base of Nimbus or Rain Cloud or' 
Cumulo-Cirro*Stratus Cloud 

Note. — It is a dense layer of dark flat clouds'frftn which rain or snow 
genet^y fdls. 

11 
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(35) Greatest Height at which Frog’s ) 

Croak has been heard j ^oooft 

(36) Top of Stratus Clouds 3 ^ ft 

(37) Greatest Height at which Sea Gulls ) ,nnfuionnf^ 

have been seen flying | 3 oo(M ooo ft 

(38) Elevation of the World’s most spectacular'! 

Active Crater— Kilauea in Hawaii or Sand }- 4 ooo ft 
wich Islands, North Pacific J 

Note — This crater iS 9 nulee in circumference with an oval pit 
4 14 square miles in area lying at a depth of about 500 ft For sevenl 
decades past visible activity has been confined to a smaller inner pit also 
oval m shape measuring 3 500 ft by 3000 ft and 1^00 ft deep It is 
named Halemaumau a native term meaning * The House of Everlasting 
Burmng* In this pit lies a lake of steamiog lava 2600 ft long and 2,200 ft 
wide — red and holliog at one extremity Around the edge and from the 
midst of this lake no fewer than 51 subsidiary craters send forth jets of 
liquid lava vapour or flame For further information vide Chapter IV 

(39) World’s Height Record for a Glider or ) . 

Sailplane carrying two men ) 

Note —This height was reached in a flight m Germany by Groen 
hoffon 30th July 1929 He carried a passenger with bun 

A glider is an engineless aeroplane which flies only with the aid 
of ascending air currents wfiich are frequently met with on hills 
From his cockpit the pilot operates the rudder, tail flippers and 
ailerons through controls similar to those in a power dnven 
aeroplane The glider is usually launched into the air at the end of 
a light elastic rope which is attached by a ring to a hook fastened 
on the nose of the machine The crew hauling on the rope is 
assisted by another body of men in the rear who hold the machme 
down until their comrades m front develop snfBcient speed m their 
run At a word of command they release their hold, and the 
gilder IS catapulted into the air like a stone from a shng shot On 
reaching a height of 25 to 30 ft , the pdot releases the tow rope by 
pulling a lever and then avails himself of the rising currents of air. 
As altitude is gamed, the ability to stay up longer is increased, for 
air currents are more pronounced and the wind blows harder, as a 
rule, at h^her levels 

A knowledge offiur currents is essential to a pilot for successful 
glider flights Hills offer good starting points, as an ascending 
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column of air is usually met mth there on one side. ■ Gliders 'are 
also launched from the top of great sand dunes such as those found 
on the Baltic coast in north-eastern Germany. Where suitable 
hills or sand dunes do not exiit or are not easily accessible, gliders 
are often towed up into the air by a light aeroplane and released 
after a suitable height is gained. At an experimental flight a pilot 
in Germany has succeeded in taking to a height of 1,000 feet an 
‘aerial train’ consisting of a 120 horse-power sporting aeroplane 
and four gliders in tow. 

It is reported from Stuttgart that a new method of starting a 
glider has been employed with success at the Bnbinger flying ground 
in Germany. The glider is placed on a kind of shoot and shot into 
the air by an apparatus similar to a catapult. Another interesting 
report, which comes from America, says that an aviator of Atlantic 
City, New Jersey, recently gave before a crowd of 2,000 spectators 
a successful demonstration of a rocket glider designed and con- 
structed by him. In spite of an adverse wind he rose 260 ft. and 
attained a speed of 35 miles an hour. If the new German contri- 
vance should be found, in the light of longer experience, safe and 
reliable, it would undoubtedly revolutionize glider flying everywhere. 

One of the principal fascinations of glider flying is the complete 
absence of the noise which mars the pleasure of a flight in a 
motor-driven aeroplane. The pilot of a glider heSrs all the every- 
day sounds that rise from the countryside. Besides, while he is 
dependent upon air currents, he can often make them subject to his 
skill in flying, so that he can hover more or less over the same spot 
or rise and fall at will. 

Gliding has now become a general sport in many countries, and 
most large cities have their Gliding Clubs. Glider flights are most 
popular in Germany where the science of gliding has made greater 
advance than in any other country. 

• Gliding is slowly making its way into India. The Indian 
Gliding Association, a body formed in Bombay in September 1931, 
has opened a training camp at Aundh in the Southern Maratha 
Country for the benefit of its members. A suitable hangar, work- 
shops and camping conveniences have been provided by the Chief 
of Aundh, who is himself a Patron of the Association and is taking 
• keen ' interest in its progress. The Association possesses a 'few 
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machined of the best German and American types The materials 
were ordered out in the form of raw wood and metal fitting, and 
with the help of working plans supphed with them, the members 
have succeeded m constructing gbdtrs of the most perfect and 
up to date design The site of the camp offers great facilities for 
gUder flights of several hoars’ duration, owing to the rising air 
currents met with in abundance m the mountainous regions of the 
Deccan. The mam object of the Association is to create air 
mmdedness among the youth of the country Training m motorless 
aeroplane flying is r^arded as the best way developing sufficient 
'air sense' in the learner of the art to make bun enter the real field 
of aviation 


(40) Elevation of the World’s Saltiest Lake ) 

—Urumiah, Persia J 

Note— Its area is 75 miles by 30 m. and maxunum depth only 45 ft. 
Owing to Its intense saltiness no fish inhabit its waters, lliere is another 
body 0 ^ water which ia a fourth again as salty tm the Karaboghaz 
but it 13 not a lake by itself being an offshoot or gulf of the Caspian Sea 
m its eastern side It ts neariy circular and although 90 miles across, the 
channel by which it communicates with the parent lake is only about 150 
yds. wideand S ft deep 

(41) Elevation of the World s Highest Rainfall ) . ,, 

Area— Cherrapunji, Assam, India J ’ 

Note — Cfaei^apunji is a small town standing on a plateau of the 
Khasi Hills and overlooking the plains below Its average rinfall per year 
IS 458 inches but the year 1861 brc4ce all previous records with a to^ of 905 
inches of which 366 inches fell m July alone The hill at this place forms a 
sudden bamer to the south west monsoon blowing across the flooded areas 
of Eastern Bengal and the Sylhet distnct of Assam The air surcharged 
with moisture cools and torrenbaJ rams follow The plateau being broken 
by gorges on either side is completely surrounded by cooling vapour Vast 
blocks of stone are rolled along with a tremendous crash by the ram water 
torrents It is reported that on one occasion a 350 ton boulder was dis 
lodged and earned off to a distance of mme than 100 yards m a single nigbtl 

6A. thft. QthsK end at the scale w. India comes Ucpet Swdh. Etontier 
Distnct with an average rainfall of less than 3 inches a year The world s 
record however in this respect is held by the coastal zone of Peru in South 
Amenca a region about 1 300 miles long and 40 to 100 miles broad Here 
there is no ram whatever and on the western slopes of the Peruvian Andes 
below the levels of 4 000 to 6,000 ft and along a distance of neariy 900 miles 
Bouth to north up to^® S lat the yearly rainfall amounts to less than 2 
inches. Th? reason ;s that the westtvarf movement o$ the rambeanng 
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windsito the coastal zone of Peru is effectually barred by the great momi< 
tain heights and they are forced to rise, vfith the result that their load 
of moisture is cooled and deposited east of the mountain and on its 
eastern slopes. The annual rainfall on these slopes amounts to about 
150 inches. The town of DebundstJia at the foot of the Cameroon Peak in 
French Equatorial Africa, perhaps takes the second place after Cherrapunji, 
with its average yearly rainfall of 369 inches. 

(42) Base of Cumulus Clouds 4.600 ft. 

Note.— These douds appear in dense masses of a nearly hemispherical 
form above, but usually flat below, often piled one ui)on another, forming 
great clouds and presenting the appearance of gigantic mountains crowned 
with snow. They often afford rain and thunder gusts and are common in 
summer. Their thickness is about 130 ft. The Cumulus is popularly called 
Woolpack or Cauliflower doud. 


Sensations and Experiences during Flight 
at Moderate Heights 

A peculiar sensation to which novices are sometimes liable in 
mid-air is ‘air-sickness’, a malady akin to sea-sickness. During 
flights at altitudes of 4,000-5,000 ft, airmen sometimes meet with a 
strange experience. While flying over land through a rain-cloud, 
they often see for hours together neither earth nor sky, and while 
flying across the ocean between two layers of clouds during strong 
air disturbances, neither sea nor sky 1 

The experiences of aviators who have flown near the Poles are 
no less interesting. The Polar expedition led by Co mman der Byrd 
discovered in the course of their flights that, when the ground was 
buried in snow and the sky was overcast so that the diflfused light 
threw no shadows, the horizon disappeared from the view, and sky, 
ground and snow all looked alike, making it almost impossible for, 
the pilot to find out where the ground lay beneath him. Polar fliers 
therefore guard against this danger by flying low in winter, never 
losing sight of the ground. The scientists who joined Byrd’s 
expedition had weird experiences to relate. ‘Small objects look 
larger,’ they say, ‘one man mistook a shoe for a seaL As there is 
no visible horizonj everything appears distopte^ The sun look? 
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like a spin wheel, and everything seems nnreal and nnearthly. 
Mirages are everywhere.' 

(43) Greatest Height 'at which the' 

Crowing of Roosters, the Ringing Nearly 5,280 ft a 
of Church Bells and under certain V i nuia 
conditions Human Shouts hav^ 
been heard 

(44) Elevation of Asia’s Hottest Spnngs— the") 

S ’oui) at Manikam in Kulu, Kangra[* 5587ft. 
istrict, Punjab, India J 

Note — Manika^ Is a place of lulgnmage on the tight bank of the river 
Parbati and contains 7 or 8 temples. It lies amidst high enow capped moun 
tains. There are several hot springs in the village says Surgeon General 
Balfour in Ids Cyclopaedia /nJut, Eastern and ^uihem Asus, ‘three or 
four of which boil furiously The fatter issue out of rocks near the edge of 
the nver Dense steam rises out of them In considerable volumes, heating 
the air all around, and absolutely darkening the path for a few yards, and 
the heat is very distressing All the inhabitants of Manikarn cook their food 
in these boiUng epnogs. and wood U never used by them for culinary 
purposes ' Though the temperature of these springs is not mentioned, they 
ere probably the hottest spnngs lo Asia 

In the temple of Ramachaodra at this place there is ' a jet of steam and 
water rising 8 to 10 ft high with a loud nishmg noise and throwing up small 
round polished granite pebbles or mani^, and hence the name Manikam 

(45) Base of Cumulo Nimbus Clouds. 4 600 ^oooft 

Note *— Tbele are great heaps of cloud towering like mountains, usually 
having a thin fibrous top and a mass of doud similar to the Nimbus at the 
base. As they accompany every thunder storm, they are also called 
Thunder Clouds Ram or snow falls from their base 

(46) Height which Sand storms have beent efvwi^ 
found to reach j 

Note —During such a storm in July 1929 the sand rushed in through 
the windows of an inward Indian Air Mail Aeroplane flying at this height 
over the desert tract between Alexandria and Baghdad The nsmg sand is 
naturally accompanied by vast quantities of dust But as dust is the lighter 
or iiaf tire appec castas cfsssaJ 
storm IS composed wholly of dust. An airman, therefore, flying just high 
enough to avoid a sand storm, nms into a dust storm The aviator Capt. 
Neville Stack, dunng bis flight from Sackpool ( England ) to Karachi in 
June 1^2, encountered a severe dust storm between Baghdad and Basra. 
For nearly 200 miles the dust rose to 12000 ft , and he had to fly at an alb 
tude of 14 000 ft Sagd storms and diBt storm? render the ^und invisible 
^pd di^ction o| the aeroplane difficult 
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Another discomfort experienced by airmen flying over a desert in 
summer is the blistering heat which makes itself felt even at great heights. 
During Capt. Stack’s flight to India he found that the great heat belt of the 
Iraq desert, whose temperature wa| 110® F. (43-3® C. ), rose to 8,000 ft. 

(47) Greatest Height reached by an experi- ■) ^ non ft 

mental, unmanned Mail Rocket Plane j 

Note.— The following brief description of this rocket ’plane and its 
flight appeared in the Press as a cablegram dated 15th April 1931 from Osna- 
bruck, a town in the Prussian Province of Hanover ; — 

‘ Claimed by its inventor, an aeronautical engineer. Reinhold Tilling, to 
be a “ real rocket plane ” because it returns near its starting point, a new 
rocket was tried out here to-day and reached a height of 6,000 ft, where it 
automatically unfolded the two wings and glided to the earth without any 
damage. The rocket is propelled by powder. Its inventor contemplates 
constructing a man-carrying rocket.’ 

Further particulars of this remarkable machine and its flight appeared 
in the Calcutta newspaper Bengalee of 13th May 1931 as an item of news 
from a Berlin correspondent It was Herr Tilling’s first ‘ model passenger 
rocket about 5 ft long. The span of its wings when open was over 6 ft 
Its hollow cyh’ndrical body contained a rocket 2 inches in diameter and 2 ft 
in length. The conical head of the rocket carried a packet of postcards. 
The machine b^an its flight from a launching pier and climbed in a steel 
curve with a gradually increasing speed until it developed a high velocity. 
At the highest point it reached, it cotdd be seen as a tiny dark speck which 
would have been lost to sight but for its tail shaped like a comet’s. As its 
speed began to slow down, the tail broke away, the wings automatically 
tmfolded, and the machine descended in a series of graceful curves, ah'ghting 
not far from its starting point. The postcards were found intact. 

A model aeroplane of a new design, constructed by TiUing and driven 
by miniature rockets, recently made a trial flight over an island in the North 
Sea oS the German coast. 

(48) Apex of Nimbus or Rain Clouds ... 6,500ft. 

(49) The ‘Benares’ of Central Java 6,500 ft. - 

Note 

■ In the early part of the Christian era, Hindus, mostly from the 
Coromandel Coast, began a migration eastwards. In the Sunda 
group of islands the first to receive them was Sumatra referred 
to by certain writers as Suvarnabhumi (‘Land of Gold’), where 
they 'introduced Hindu civilization and cultnre.^ About the 5th 
century a royal mission from Kashmir of the • MahaySna school of ’ 
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Bnddhism Visited the island and succeeded in mdncing the Hindu 
•settlers to embrace that religion ■which, ho'wever, figured amnrig 
them more as an intermixture of Brahmanic and Buddhist cult. 
By the 7th century their desran^nts had founded a powerful 
Hmdu Buddhist kingdom called Shn Vijaya with its capital at 
Palembang.' Its rulers bore the title of Maharaja, anfl their dynasty 
IS known by the name of Sailfindra. The Sailfindras subsequently 
extended their suwy to Malay Pemnsula and probably to some other 
countries and became a great maritime power. The Chinese 
Buddhist traveller I-Tsang, who visited Palembang about 690, 
found it to be a well developed Hindu Buddhist seat of learning 
By this tune Hinda migration had spread to other islands in the 
group. Java appears to have been colonized by the Hindus next 
after Sumatra. According to tradition, a Dravidian Prince arrived 
In western Java about the 4th century with a few thousand followers 
and settled at Mataram. The Hindu kingdom of TSrumI was 
established soon after with its capital at Kartasura, six miles west 
of the modern city of Surakarta. No sculptures of this 
period are extant, and the only evidence of the existence of this 
kingdom is furnished by inscriptions of the 4th and 5th centuries 

Some scholars are inclined to believe that the colonixation of 
Central Java was efiected by tbe Hindu immigrants of western 
Java, while others bold that it was colonized direct by a stream of 
immigrants from the ancient Indian Province of Kalinga. Professor 
Himansu Bhuslian Sarcar of Calcutta considers that the first Hindu 
settlers m this part of the island were the Shakas of Gujarat, who 
according to the hypothesis, had mtroduced Shaivism and the 
system of Shaka year computation in 456 A. D. His view is partly 
based on the fact that tbe years between 654 and 682 Shaka (732 
and 760 A. D.) saw the palmy days of Shaivism in Central Java. 

Late m the 7th century the ruler of Shn Vijaya sent an expedition 
agamst. as. appeara icom. a South. Indian. 1n.scct5.tiQa dated 686 

preserved m the British Museum m X/mdon. In 778 tbe then Moba 
ra^ caused the first Buddhist temple m the island, that of Kalashas, 
to be erected m Central Java— *an event which shows that by this tune 
probably Ja^^ had been annexed by him or its ruler had become his 
va^ak The question arises hero whether Buddhism was Introdured 
iqJaVA between these two dates by tbe Saildndras of Sumatra or 
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came from India direct. Sarcar thinks that it probably went to Java 
from East Bengal where the Pala sovereigns first rose into promi- 
nence in the 8th century. In later years Java saw several lesser 
States spring up one after another. 

About 1293 four of the kingdoms in Java united and under the 
king Kritarajasa founded an empire with its capital at Majapahit. In 
that year an envoy was sent by Kublai Khan, the founder of the 
Mongol dynasty in China, to demand homage from the emperor of 
Majapahit but was sent back in disgrace. A large army was des- 
patched to Java to avenge the affront, but after slight success it met 
with reverses and was forced to return with heavy loss. With the 
death of Kublai Khan in the following year, further attempts against 
the island were abandoned. At the height of its power in the 14th 
century, the empire of Majapahit had almost the entire Archipelago 
under its sway. In 1478 the empire was overthrown by Moslem 
invaders, and Islam began to spread in the island. On the fall of the 
Majapahit empire the country once more split up into a number of 
kingdoms. In 1578 the ruler of one of these States assumed imperial 
power and founded the empire of Mataram which lasted till 1755 
when it was divided into two kingdoms — Surakarta and Jokjakarta. 
The Dutch first arrived in Java ifi 1595, and thereafter, what with 
the growing influence of Islam and what with the increasing efforts 
of the Dutch to acquire possession of the island, ipinduism began 
to wane and was at last forced to quit Java and seek refuge in the 
small neighbouring island of Bali, where it survives to the present 
day as a mixture of Brahmanism and Buddhism, the former predomi- 
nating. The Javan States of Surakarta and Jokjakarta still exist, 
but as dependencies under the Dutch Government. 

Sumatra too in the long course of time fell a prey to foreign 
influences. In the 13th century a portion of the northern half of the 
island was invaded by Arabs, and Mahomedanism began to replace 
the ruling religion. Yet Sumatra seems to have continued as a 
Hindu-Buddhist State till at least the beginning of the 16th century, 
for when the Portuguese navigator Alphonso d’ Albuquerque visited 
the Archipelago in 1510, he found the island ruled by a king named 
Param6shwara. 

The ‘ Benares ’ of Central Java is a remarkable group of ancient 
temples or Tjandis as they are called in Javanese. They are 

12 



^ \VONDERFUL UNIVERSE 

numerous and are situ-ited on the Dieng plataiu m Centra! Java 
Tjandi lialashan, though mined, is a magnificent building with 
beautiful sculptures The latest and finest is Tjandt Buna It is 
a pjramidal toner with horizontal stages one above the otljer, and 
cornices \\ ith dormer arches m which the heads of celestial chons 
ters are framed The best preserved m the group is Tjandi 
Ardjona It follows the typo of Kalashan The plan is square 
The group consists of four temples, each having two storeys, 
•with a roof imitating the body of the temple The walls 
are ornamented with sculptured panels with pilasters between, and 
the doorway is crowned by a crocodile face Bima and ArdjanS 
groups are believed to have been bmit between the 7th and 8th 
centuries There are many older temples m the same area. The 
finest of the earliest sculptures are the bas reliefs of the Hindu 
Trinity m Tjandi Sbrikandi The date assigned to this group is 
7th century 

Java boasts of many more ancient religious buildings of 
remarkable beauty The most famous and imposing m the whole 
roins IS Boro Boeder or Bara Budor (' Many Buddhas ), a gigantic 
stuixx or relic mound It is sitoated on a hillock rising 154 feet 
above the plain and commands a pictoresque view of volcanic peaks 
towering in the distance It was built m 750 860 It is m a rich 
style which, in ®its outward form and sculptural details, shows a 
mixture of Brahmanicand Buddhistic influences The budding 
presents a close resemblance to older stupas in the Punjab and 
contemporary structures in Kashmir The hillsides are cut m a 
senes of terraces which serve as procession paths for fradakshim 
or circumambulation, with fonr ramparts, one above the other, 
between the third terrace and the fourth The lowermost terrace is 
497 feet square The entire stroctnre is surmounted by a dome 
52 feet m diameter, with 15 lesser bell shaped cupolas artistically 
distribnted around it On the outer side of the wall of the second 
enclosure, 365 feet square are 104 large niches Each of these 
enshrines a Buddha seated on a lotos throne, the image and the seat 
being hewm out of a single block of stone 5 feet high Along the 
inner sides of the pradakshina paths there are no fewer than 568 
reliefs representing scenes from the life of Buddha which, it is 
stated, would cover, if placed end to end, a length of nearly three 
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miles ! Some of the galleries are enriched with reliefs of VishnUj 
Garuda (Vishnu’s vehicle) and Shiva. The upper terraces display 
a series of dagobas — dome-like sanctuaries surmounted by inverted 
pyramids and enshrining th^ relics of Buddhist saints — objects 
familiar to those in Bombay who have visited the chaitya caves at 
Kenheri in Thana District or those of Karli, Bhaje or Bedsa in 
Poona District beyond Lonavla. In the dagbbas at Bara Budur are 
placed seated figures of Buddha. The sculptural work at the lower 
terraces has not been executed as carefully as at the upper ones. 
But judging from the photographs, the massive structure is marked 
by a wonderful wealth of decoration and in several places is carved 
with a boldness and expression of power not often surpassed in 
religious edifices even in India. 

About three miles north-east of Bara Budur lies Tjandi Mendut, 
which belongs to the 9th century. It has an open porch covered 
with sculptures, and the outer walls of the body of the temple are elabo- 
rately adorned with figure-reliefs. Besides a large, handsome image of 
Buddha the temple contains figures of Buddha remarkable for the 
sublime serenity and graciousness reflected in their expression. 
Standing on either side of him everywhere is a Bodhisatva with an 
equally serene appearance. These sculptures not only testify to the 
skill of the artists employed for the work, but also show the depth 
of devotion and religious ardour with which they we?e inspired in its 
execution. Java contains several other monuments associated 
with the Mahayana school of Buddhism. Soon after the completion 
of Bara Budur Java saw a vigorous revival of Shaivism, attended 
by deep religious fervour which lasted nearly three centuries. About 
900 A. D. were built three large Brahmanical temples at 
Prambanan, which form the group of Tjandi Loro Djonggrang. 
The central one, which is the most impressive in the group, is 
dedicated to Shiva and is adorned with bas-reliefs illustrating scenes 
from the Ramayana. It stands between two other shrines, of 
Brahma and Vishnu respectively, with a temple of Nandi, Shiva’s 
riding bull, in front. 

After the first decade of the 10th century Central Java fell into 
neglect for a long period, and the centre of culture was transferred 
to the eastern part of the island under the rulers ^ Kediri, Singasari 
(1280-1292) and Majapahit. The 13th century saw a number of 
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exquisite sculptures executed m Singasan, including statuettes 
of Gan4sha, Durga and ottier deities In a -wood near 
Malang in the vicinity of the unfinished Shaivite temple of Singasan 
was found in 1819 an extremdy beatftiful image of Prajnlparamita, 
the counterpart in Buddhist iconography of the Hindu goddess of 
learning and wisdom, Saraswati This statuette, now m the 
museum at Leyden (Holland), is generally accepted as a masterpiece 
of Indo Javanese sculpture In the course of an article in the 1931 
November December number of Trxvint, a leading journal of 
Madras, Mr T N Ramachandran gives the following description of 
this image, partly based on Havell s description of it — 

‘ Seated in a state of complete abstraction on a lotus flower the symbol 
of punty and divine birth in the fixed pose of ayogmi, the goddess performs 
With her hands the divine mudra orsign of spiritual instruction while her 
charming face has that ineffable expression of heavenly grace which 
Giovanni Bellini above all other Italian masters gave to his Madonnas ** The 
head dress ornaments and dress with which the goddess is provided are 
exquisitely and elaborately worked The scripture is placed on a lotus 
flower to her left the sulk of which is twined round her left arm ’ 

The writer adds that the image is ascribed to the reign of 
Ken Arok ( Rajasa Sang Amurvabhumi), t z , 1220 1227 

Many other parts of Dutch East Indies are of great interest on 
account of the evidences of ancient Hindu colonization still to be 
found there tn Sumatra are found numerous traces of Hmda 
influence Ruins of Hmdu temples exist at Butar m Deli, at 
Jambi, m the interior of Palembang and in many other localities 
There are also stone inscriptions in Sanskrit, one of which calls 
Sumatra ‘First Java’ The most important of Buddhist menu 
ments which survive is the stupa of Muara Takus on the upper 
reaches of the Kampar river 

Ball or Little Java likewise received a stream of colonists from 
India direct, as is shown by inscriptions on brass tablets found in 
the island. The Hindu colony was strengthened later by Hindu 
Javanese settlers Even at the present day the Hmdu gods Brahma, 
Vishnu and Krishna are known to the Balinese Their modem 
temples or ^uras, which are small wooden structures built on stone 
foundations, exhibit many features of Hmdu styles of architecture 
The better class of temples are dedicated to Shiva, and the form 
of the familiar god Gan6sha is sometimes seen m them. Many of 
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the Balinese social and religions customs are of Hindu origin. 
Suttee -was practised for centuries until the Dutch Government put 
a stop to it. Dead bodies are cremated as among the Hindus. 

In the 1931 May number of Vedanta Kesari, Dr. R. C. 
Majtimdar gives an interesting account of the first phase of Hindu 
civilization in Borneo, the largest island in the archipelago. 
The earliest and most illuminating records of Hindu colonization of 
it are furnished by four inscriptions engraved on four sacrificial 
pillars or yupas as they are called. They were discovered in the 
Koetei district in Middle East Borneo at a place named Muara 
Kaman on the bank of the Mahakam river. These inscriptions 
include references to Brahman settlers and to a king named 
Knndariga and his son Ashvavarman and grandsons. The eldest of 
these last named Mnlavarman, says one of the inscriptions, 
performed in a grand style a sacrifice called Vahusuvamakam. One 
of the pillars, says another, was erected by the Brahmans to 
commemorate a gift of 20,000 cows made by the king Mulavarman 
to Dwijas (the ‘ twice-born ’)• In western Borneo too traces of early 
Hindu colonization have been discovered. Ruins of temples and 
images have been found at various places on the banks of the 
Kapuas river. Majumdar considers that the images found here and 
elsewhere in the island afford unmistakable proof that the earliest 
Hindu settlers of Borneo also came direct from tndia. The fact 
that the title of Varman adopted by Hindu rulers in Borneo is one 
which w^ held by Pallava kings, for instance, Mahendravarman, 
Narasimhavarman, Paramdshwaravarman and Nandivarman of the 
7th and 8th centuries, suggests the probability that the first Hindu 
settlers in the island were from Southern India. Evidences have 
been found that the immigrants also penetrated to the interior. In the 
Kombeng Caves lying on a hill situated north of Muara Kaman have 
been found numerous sandstone images, some of which have 
been identified as those of Vishnu, Skanda (Shanmukha or 
Kartikdya), Nandi and Ganesha. Three images of Shiva along with 
a beautiful bronze image of Buddha in standing attitude found in the 
island have been removed to the museum at Batavia. From another 
■ source we learn that even in the inmost recesses of the mountains, 
and in one case in a region 400 miles from the c^st, have been found 
the ruins of temples of excellent workmanship which show all the 
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featares of Hindu places of worship Among other interesting finds 
IS a gold pendant representing a four armed Vishnu with lateral 
Garudas The general opmionis that all these remains are assignable 
to the 7th or 8th century ^ 

Besides the temples, inscriptions etc. there are numerous localj 
ties m Dntch E'-st Indies whose geographical names are remims 
cent of ancient Hmdu colonization, e g , Purwakarta, the admimstra 
tive centre of the Residency of Krawang , Wanasaba, a place of 
pilgrimage near Dieng plateau dedicated to Shiva , Sukabumi, one of 
the Preanger Regencies and a pleasant health resort abont 2,000 feet 
abo\ e the sea, and the volcanic peaks of Semlru, Guntur, Ardjuna 
and Rawun — all in Java, the islands of Sangkapura and Madura 
north of Java, Singaradja, the capital of Bali Island, a dis 
tnct, town, river and \ olcano, all bearing the name of Indrapura, 
the river Indr^tri and the district of Lin^, all m Sumatra. 
In the last named island, the northernmost division has for its 
administrative centre a city called Kota Radja , the Residency of the 
East Coast includes no island and a port, both named Beogkalis, the 
RestdencyofTapanuli a dependency called Angkola, and the Residency 
of Pada^ includes the port of Pnaman and the dependency of Ran 
A part of the matecul for this Note is drawn from the 
Enci'clopaedta Brtfattntca 

(50) Elevatfon of the World’s Hottest Spnng \ 

—the one at Guanaxuato, Mexico J 

Note — According to Surgeon Genera! Balfour this spnng was dis 
covered by the traveller Hurnbold who describes it as the hottest spring m 
the world with a temperature of 207® F { 97® C ) 

The boiling point of pure water which at sea level is 100® C ( 212® F ), 
drops about 1®C for every 1 000 ft nse above sea level owing to the diminl 
shing air pressure Thus on the top of Mont Blanc ( 15 782 ft ), the highest 
peak of the Alps water boils at about 84 5®C. ( 1&4®F ) At an elevation of 
6 500 ft the boiling point will be about 93 3®C. ( 200®F ) The fact that the 
temperature of the Mexican spnng exceeds the usual boiling point at its 
elevabon shows that its water contaros salts m aoMioa. li the water view 
free from them its temperature would not be higher than the usual bolhng 
pomt at that level Even at sea level the bofling point of sea water or any 
other water containing salts m solution is higher than that of pure water 
and vanes with the amount of dissolved matter present in it 

(51) Greatest Height which Haze has ■) Toooft. 

been found to reach J (AVgre/h dZamira) 
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Note.— This height was once reached at the village of Farnborough in 
Hampshire, England. 

(52) Height from which a Hail-storm 1 

over the earth is •seen in the ful- j- 7,000-9,000 ft. 
ness of its weird grandeur J 

Note. — Hail consists of two types : solid or true hail, and soft 
hail, a form of snow. The former results from the freezing of 
rain-drops. Vertical air currents result in the formation of a thick 
cloud, generally cumulo-nimbus or thunder-cloud, where tiny drops 
of rain are formed and borne upward, freeze in the cooling air and 
form themselves into hailstones. These stones, as they come down, 
are enveloped by a further layer of water-vapour, which in turn may 
freeze by their rising again in another part of the storm. In such 
cases two or more stones unite and attain large dimensions. 
Hailstones vary from i inch to 4 inches in diameter, the largest 
weighing a pound or even more. A hail-storm is destructive to 
crops, especially in tropical climates. It is shown by statistics 
collected over a large number of years that the regions most liable 
to hail-storms are those which are devoid or denuded of forests. 
The duration of a storm is usually a few minutes only. Hail 
sometimes accompanies thunder-storms in summer. Soft hail 
consists of little spherules of compact ice particles which break 
with a splash when they strike hard ground. It atso accompanies 
storms in spring or winter. 

The airman. Captain Norman Macmillan, describes a hail-storm 
as witnessed from an aeroplane as follows : — 

‘There is no grander sight in the air than that at seven to eight 
thousand feet when hail is forming above the earth. Big clouds lour black 
around one. A steep wall rises upward from a sea of tinted grey to a ceiling 
of translucent pearl. Suddenly against the almost black wall there is a slash 
of streaming white. It grows from nothing out of the pearl above and falls 
slanting across one’s closing vision. For 1,500 ft. it drops its curtain over 
the gloomy stage. No sun is visible in all the solemn air. The atmosphere 
is cathedral. Since with the noise of the engine no further sound is audible, 
the eeys must take upon themselves the duty of the other senses. And in 
one’s ears one seems to hear, as though it were just all around, hissing upon 
the vaulting roof and wall of the cathedral of the clouds, the beating of the 
hail-storm. It is a sight which audibility would reft of more than half its 
splendour.’ 
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(53) Elevation of the World’s Largest "I 

Active Crater— Aniakchak m Alaska, [• Over 8 ooo ft 
North Amenca J 

Note —In the Uluslraled IK«Hy cf Ittd^ of 21st December 1930 appeared 
a short report of the discovenes made in the region of this volcano by an 
expedition led by the Rev Father Bernard F Hubbard head of the Depart 
ment of Geology at the Jesuit University of Santa Clara in California and 
known to scientists as the * Glacier Pnest* The crater has been found to be 
21 mQes m circumference and is stated to be the largest active crater m the 
world Dozens of active fumaroles or smoke boles have been found in it 
Among other objects of interest found was an obsidian or natural glass cliff 
(formed by vitreous lava rapidly coobng ) 600 ft high, “broken into columnar 
structure, its flat surfaces indescent like a raven's wing ’ For further 
particulars tide Chapter IV 

There is another active crater named Vemamenoff in this region 
nearly as large as Aniakchak. There are also enormous volcanoes in the 
island of Unimak, which Ues so dose to the as to form practically 

a part of the peninsula 

The Encyd Bnl ( 1$'^ ) mentions a crater named Aso-san ( 5^5 ft ) 
situated in the island of Kiushiu m Japan It is 'a huge oval depression 
esbmated by some observers to have an area of at least 200 $q mles' The 
same work in another place indudes this volcano m the list of those slSl 
active in Japan and remarks that its crater measunng 10 by 15 miles, is the 
largest m the world But along with Asosan is given in the list another 
volcano 'almost extinct It is possible that Aso sao has been quiescent for 
a very long time and is no longer classed among active volcanoes. 

A writer in t^e IJluslraled Weekly cf India of 13th December 1931 des- 
cribes a large crater an extinct one situated m Tanganyika Temtory, 
Africa about half way between the port of Mombasa and the southern banks 
of Lake Victoria ‘The floor of this c^dopean amphitheatre', he says 'is likea 
gigantic bowling alley, a smooth open plain of short grass and clover nearty 
6000 ft abovesea and holds towards itsfarside a magad or salt lake, 4 
miles by 3 bordered by papyrus or acaaa forest.' The crater has steep walls 
descending nearly 2 000 ft 


(54) Elevation of the Grand Canyon I 
of the Colorado River, U. S A J 
Note f 


5000-9000 ft 


Canyons are winding series of deep, abrupt gorges at the bottom 
of many of which run turbulent mpids inaccessible to man or beast. 
They are found m Mexico and the south west of the United States 
Their rocky walls are sometimes perpendicular and are worn and 
intricately sculptured into impressive forms The effect is heigh- 
tened by diversity of colonr, for the various groups of strata of 
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■which the -walls are composed display an artistic arrangement of 
pale grey, light green and pink hues, and in the depths slate-grey 
and chocolate- brown tints. ‘ Its distances are often suffused’, says 
the Encixl. Brit (1929), ‘with a transparent blue-purple haze that 
contrasts with the deep-green of the pine trees on its rim and the 
intense blue of the sky.’ The canyons are one of the most striking 
of geological phenomena. The Grand Canyon, which has complex 
ramifications, cuts across a plateau and is 280 miles long and 5 to 
18 miles broad. Its walls rise sheer from the water’s edge to the 
stupendous height of 2,000 to 6,000 ft. Its grandest part, 105 miles 
in length, lies within the Grand Canyon National Park. The 
American Government have prepared detailed maps of this canyon. 

The earth’s land surface is ceaselessly subjected to the action of 
numerous forces. Various agencies wear away the rocks, detach 
from them materials termed detritus and carry them to distant 
parts. The entire process is called erosion when the attrition is 
vertical, or denudation when it is superficial. Water, ice chiefly 
in the form of glaciers, frost and wind are the principal wearing and 
disintegrating agencies which often work together. The most 
powerful agents of denudation are rivers, and it is due in some 
measure to the friction of the water but to a great extent to attrition 
of the debris, during its passage, against the hard bed of the swift- 
flowing river. Rivers coming to parched regicAs from outside 
sources may excavate narrow and deep chasms with steep sides. 
In the Colorado Canyons the elements also must have played their 
part in loosening the material of the rocks and in altering their form 
and colour, or in rounding off their edges or even in brealring up the 
land and carving the scarped sides. Such a process is known as 
weathering, a term which has even a wider import than indicated 
here. But the most remarkable feature in the operation of natural 
agencies in the present case is the power of the river to erode 
vertically. 

It is estimated that the forces of Nature have been at work for 
upwards of a million years in the formation of the Grand Canyon. 

Another notable instance of the erosive power of a river occurs 
^In Utah, U. S. A.,' where there is a bridge of rock called the Edwin 
Natural Bridge. It is 90 feet high and 200,feet long. It has 
evidently been scooped and scoured out by the force of the rushing 
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waters below. This is another wonderful example of the proverb 
* Runmng water wears away stones * 

The American Government haae a titanic irrigation scheme m 
hand It is the Hoover Dam, which%ill rise 527 feet high from 
the floor of the Boulder Canyon in California The Colorado 
river at flood time has sometimes assumed gigantic proportions 
This dam is intended to impound the flood waters of its basin which 
have so long been running to waste The waters which it will store 
will be released when desured and will come rolling down between 
the parched hills of Arizona on one side and of California on the 
other It will bring water to the most and and tropical part of the 
country and convert barren desert tracts into farming areas The 
dam IS expected to take five years to be completed and will stand 
forth as one of the greatest ofhnman achievements m harnessing the 
forces of Nature 

(55) World’s Altitude (Height) Record for ) oTen* 

Solo Flights by Gliders I 

Note —This height was reached lo a flight at Gersfeld m Cermanjr hr 
the famous Vienna gliding expert Robert Kronfeld in 1929 A greater 
height was attained in June ISOl by a Swiss pilot, but his flight was made 
from the top of the Alpine peak Jungfrau Joch ( 11,340 ft ) whence the 
glider was launched down the mountain slope. He made one or two arcuils 
at this altitude then flew down into a valley and Anally landed near the 
Village of Lauter ftrunnea after a flight of 1 hour 45 minutes 

(56) Strato Cumulus or better Cumulo 1 3200-10000 ft 

Stratus Clouds ) 

Note — These are large dull grey lumpy masses of cloud with the 
Cumulus at the top overhanging a flattish stratum or base They are the 
lowest form of sheet cloud and often cover the whole sky particularly in 
winter They merge into the Alto-cumulus ( Item 89 below ) 

(57) World’s Altitude Record for Heavy j 10000 ft, 
Aircraft carrying a large number of men j 

Note — This record was established m August 1931 by Do-X U or 
/ Rei* sister ship of the famous Genmn Dormer treble decker flying boat 
Do X, during its flight from AUenstein to Spezia when it flew over the Alps 
at the above mentioned height It bad a passenger load consisting of a 
crew of 12 men and a Commission of Italian officers It ahghted on the 
Grand Canal m Venice and since the machine hadbeen ordered by the Itahan 
Government it was g formally made ever to them at the termination of 

the flight 
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The 55-toa air leviathan Do-X created a sensation in October 1929 
when it made its trial flight with 169 persons on board over Lake Constance. 
The boat rose from the water in half a minute and flew three-quarters of 
an hour, attaining a speed of 135giniles an hour in the flight It made a 
successful trans-Atlantic trial flight in 193L 

These flying boats, it is said, embody an entirely new principle— that of 
adapting a ship to the air instead of adapting an aeroplane to the sea. 

There is only one instance so far where a passenger load exceed- 
ing 169 persons has been carried by any type of aircraft The Akron, 
America’s armed dirigible and the largest airship in the world, which was 
completed in 1931, carried 207 passengers on 3rd November 1931 when it 
left the aerodrome at Lakehurst New Jersey, on a 500-mile trial voyage. 


(58) Greatest Height at which the discharge ) 

of a Gun has been heard J 

(59) World’s most elevated Aerial Beacon—' 

the one just west of Cheyenne, Wyoming, 1 , 

U. S. A., installed for the benefit of night- j 
fliers 


(60) Elevation of the World’s Deepest Extinct' 
Crater— Haleakala (‘ House of the Sun ’) [• 
in the island of Maui, Hawaii Islands 


10,032 ft. 


Note.— This crater is 2,720 ft deep. Its circumference at the bottom 
is 20 miles and at the rim 19 miles. The article in the Il]/tslrated Weekly of 
India referred to in the last jjaragraph of the Note under Item 53 mentions an 
extinct volcano named Elanairobi situated in the highlands some distance 
from Lake Natron in Tanganyika Territory, Africa, the crater of which, 5 
miles wide, is filled with virgin forest and is 3,250 ft. deep in its guDet. 
Until fuller details of the exploration of this crater are available, we must 
hesitate to assign to it the first rank in the world in point of depth. 


(61) 


World’s Fifth Highest Group of Thermal') 
or Hot Springs— the springs at the ede- 1 
brated shrine of Badrinath, Garhwal, 1 
Himalayas j 


10,294 ft 


Note.— Badrinath stands on the bank of the Alaknanda, a head-stream 
of the Ganges and here known as Vishnuganga. There are two springs 
here named Taptakund and Suryakund. The latter issues from a fissure in the 
bank of the Vishnuganga. Taptakund water is said to be sometimes so hot 
as to be scarcely bearable until it is cooled by the mixture of cold water from 
another spring. On a 26th of May at about 11 a.m. its temperature was 
found to be 49^ C. ( 120® F. J. The water sends forth a<ense vapour having 
a sulphurous odour. 
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(62) World’s Fourth Highest Group of Ther-' 
mal Springs— those at the Himalayan 
shnne of Gangotri (Tehn State) on the 
Bhagirathi « 


10^9 ft. 


Note — ^The Ganges has three head streams, viz, the Bhagirathi, the 
Mandakizu and the Alaknanda The chief of these are the first and the 
last. Opinions differ as to which of these two is the source of the Ganges. 
Hindu religious view favours the Bhagirathi, which issues from Gfimukha, an 
ice cave at the foot of the Himalayan snow bed near Gangdtn Geographers 
incline to the view that the source ts the Alaknanda, as this stream has a 
much longer course and a considerably Jailer body of water thrcmghout the 
year At the junction of these two streams is the sacred place of DSvaprayag, 
the head-quarters of the Badrmath Pandas, and it is from this point that 
the nver is known as the Ganges 


(63) Perhaps the most elevated Railway' 
Tunnel in the world more than 2 miles 
m length— the one below the Uspallata 
or Cumbre Pass m the Andes Mountains. 


y 10469ft 


l) 2-I N.teO'S;' ^'5675' 


This tonnel is on the Trans Andine Railway, the Brst tians contt 
nental railway in South America, which connects the Pacific port of 
Valparaiso, Chile, with the Atlantic port of Buenos Aires, Argentma. 
The tmmel is a little over 2 miles long and took nearly four years to 
complete. It wis opened for traffic in 1910. 

A few other noteworthy mountain tunnels may be meatioaei. 
The Moffat Tunnel inU S A , which crosses the Continental Dividei 
about 50 miles ^vest of Denver, Colorado, is 6 1 miles in lei^ and 
lies at an elevation of 9,200 ft. It is the longest railway tunnel in 
America It was commenced m 1923 and completed five years 
later The Cascade Tnnnel of the Great Northern Railway m the 
State of Washington is 7 79 miles long It was begun m 1925 
and finished four years later The unscalable barriers of the 
Alps have been tunnelled at some places The first to be con 
quered was Mont Cenis whose tunnel, driven for the greater 
part through solid granite, was started m 1857 and took fonrteen 
years to complete It is 7 98 mites long, about 26 it broad and 
25 ft. high, and connects France with Italy. The Saint Go- 
thard Tunnel in^ Switzerland, commenced in 1872 and fim 
shed m 1881, is 9 3 miles long, 18 ft wide and 25 ft. high. 
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It was also harrowed out of granite . rock. Its chief inte- 
rest reposes in the fact that it winds around inside of the mountain, 
spiralling towards the summit. The Loetschberg Tunnel, also in the 
Swiss Alps, is 9-04 miles in leri^. It was commenced in 1906 and 
opened for traffic five years later. The great Simplon Tunnel, 
started in 1898 and finished in 1905, is 12'3 miles long and connects 
Switzerland with Italy. It is the longest railway tunnel in the world. 
Describing the difficulties met within its excavation, a writer says 
‘Here all the giant forces of Nature seemed to unite to defeat their 
would-be conqueror. She would not face him with her solid rock, 
but tossed gneiss and treacherous mica-schist, limestone and disinte- 
grated stone in his path. She spouted 10,000 gallons a minute of 
icy water into his tunnel on the Swiss side and a gusher of hot 
water into it on the French side.’ The cold spring on one side 
brought down the temperature to 554®F. (IS^C,), while the hot 
spring on the other, which spouted 1,600 to 4,300 gallons a minute, 
raised the temperature to 113® F. (45®C.). 

There is another remarkable Alpine tunnel whose average- 
elevation we have not been able to ascertain with any precision. 
It lies in the Bernese Alps on the electric railway road, the highest 
railway in Europe, from Scheideck to Jungfrau Joch (11,340 ft.). 
This railway was completed in 1912. The Encycl. Br, {1929) 
in one place says that this line ‘passes by a tunn^ 4| miles long 
through the Eiger, Monch and Jungfrau Joch and in another : — 
‘The electric railway from Eiger glacier to near the summit of the 
Jungfrau includes a tunnel T 5 miles long, 11 ft. 10 in. wide and 
12 ft. 6 in. high, with a midway station having arches through the 
side from which a large part of Northern Switzerland can be seen. 
From the Jnngfrau terminus, at an elevation of 13,428 ft, the 
summit, 242 ft high, may be reached by an elevator.’ Judging from 
these meagre and apparently conflicting descriptions, the tunnel is 
perhaps not a continuous one but divided by gaps. Fuller details 
will show whether any section of it exceeds 2 miles in length and 
lies at a higher elevation than the trans-Andine tunnel below the 
Cumbre Pass. 

The trans-Andine tunnel is a replica of the Alpine tunnels, and 
the pathway had to be arduously bored similarly by powerful drills 
driven by compressed aip. The engineers and workmen had to work 
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anudst severe hardships At 6rst they suffered from motmtaia 
sickness, while during the long months of winter they were exposed 
to intense cold Furious blizzards would suddenly spring np 
and bury the shelters housing the v^irfters several feet deep in snow 


(64) Record Height at which the Barking of 
a Dog has been heard 

(65) Greatest Height ( above ground ) at 1 
which Bacteria or disease-carrying 
organisms have been found active J 

Note 


2 miles 


do 


Professor Dillon Weston of the Cambridge Umversity of Agri 
cnlture, who in 1929 was in control of operations by aeroplane to 
discover how epidemics are broadcast through a thin air cunent, 
has collected valuable information on the subject Careful expen 
ments showed that human diseases could be transmitted over long 
distances through the upper oir Numerous bacteria ore active eves 
two miles above the earth s surface Clouds form a particularly 
fine vehicle, being more heavily charged with bacteria than the air 
immediately below 

A bacterium is a vegetable micro organism and one of the 
rrunutest of living organisms, and yet a scientist estimates it, 
roughly, to be o million times larger than the largest organic 
molecules or a billion tunes larger than 'a few score electrons' (the 
negative particles of an atom) I To convey at the same time an idea 
of its mmnteness, he adds that its size is a trillionth that of a 
butterfiy But infinitely small as the bacterium is, there is an 
organism considerably smaller than this microbe and smaller even 
than the filtrable viruses of smallpox, rabies and yellow fever which 
are, as a rule, minuter than ordinary bacteria It was discovered 
m the second decade of the present century This remarkable 
organism is a parasite which infests bacteria and is said to be a 
thousand tunes as small It is named bactenoPhage, a. term which 
means ‘eater of bacteria’ This discovery reminds us of Lowells 
familiar lines — 

' Great fleas have little fleas 

Upon their backs to bite 'em , 

Q And little fleas have lesser fleas. 

And so ad mflmtujn,’ 
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We shall not be stirprised therefore if a still smaller living 
organism is discovered hereafter and it is found to be the parasite of 
the bacteriophage ! 

The modus operandi of the bacteriophage is interesting. 
Having settled on a bacterium, it penetrates into its body, then 
makes more and more room for itself as it sucks up its juices, and 
finally lays eggs there. At last the lifeless shell of the victim 
bursts, and the new-born bacteriophage are ready to pursue similar 
operations on other bacteria. The bacteriophage by its rapid 
multiplication evidently serves to keep down the number of bacteria, 
for the bacterium is a very prolific organism and a single organism 
doubles itself in about twenty minutes, so that it becomes a grandfather 
in less than an hour ! The bacterium is probably the most tenacious 
of all living organisms. Some species can live without air for an 
indefinite period, while others resist cold of extreme intensity. 
Dr. J. MacFadyan, an American Professor, was unable to kill 
certain types of bacteria even by keeping them in a bottle of liquid 
air for twenty-four hours! Liquid air represents a temperature 
of -195'8'’C. (-320‘44'’ F. ). Dr. C. A. Magoon of the United States 
Department of Agriculture told a meeting of the American Chemical 
Society that some of the worst forms of bacteria were found to 
remain alive for ten hours even in liquid hydrogen 1 Now hydrogen 
liquefies at -422®F. (-252®C.), a temperature representing over 
450 degrees of frost on the ordinary English scale, a temperature so 
low as to turn solid all the gases of the atmosphere except hydrogen 
and helium I Liquid hydrogen is so cold that like liquid air, when 
dropped on a cake of ice, it boils furiously. Even at much lower 
temperatures hard metals become as brittle as glass, and a metal 
bar as fragile as a twig. 

The longevity of some bacteria is so amazing as to be almost 
incredible. Certain types have been recently found in a coal-seam 
in Germany. Coal, as explained in our first chapter, is a mass of 
compressed and mineralized vegetable matter. It belongs to what 
is called the Upper Carboniferous system which in Europe began to 
form in the later period of the Palaeozoic Age. The bacteria 
discovered in the coal must have lodged themselves in it since the 
time it was laid down, and been effectually enjpmbed there for so 
many hundred million years ! That they should have survived through 
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all these ages the stapendoos picture of the overlying laid of rock 
and sod and lived all along without free oxygen, is simply marvellons 
These particular microbes are lammous and emit a soft glow like 
fire flies ^ 

The bacterium may thus be regarded, m many respects, as a 
preternatural phenomenon among earthly organisms It is, howeier 
killed by ultra violet rays 

Lummous bacteria are not so rare as might generally be sup 
posed Putrescent fish and flesh and other decomposing organic 
matter often emit a gentle glow owing to the presence m them of 
luminescent microbes As these organisms are very minute— some 
thing like l/25000th of an mch in diameter — it is impossible to see 
them mdividually in spite of their l^ht But when present in vast 
colonies they are easily visible Like Inmmous fungi these types of 
bacteria glow both night and day, but to be able to emit light they 
need air or oxygen Experiments have shown that they cease to 
shine when placed within an air pump and the air is exhausted, but 
become lommescent again with the readmission of air The light 
of these bacteria is absolutely cold and is due to the same chemical 
agencies as in fire flies and lammous fishes and fungi 

Ur F d Herelle, a French physician working m Yale University 
and one of the ^scoverers of the bacteriophage, visited India some 
years ago at the invitation of the Government to assist in the*exter 
mination of cholera in this country He centred his activifies 
around the holy city of Pun ( Jagannath ), as cholera was then raging 
In that town and the district The wells had become contaminated 
and the epidemic spread rapidly The doctor and his assistants 
prepared solutions of cholera bacteriophage and damped quantities 
of the liquid into the wells m the whole district with the result that 
the death rate and number of attacks fell off m a short tune 

The Ganges river is looked upon with great veneration by the 
Hmdus It 13 well known that its water is defiled by every sort of 
filth cast into it by man and beast and yet pilgrims dnnV monthfuls 
Df it, take home vessels filled with it, distribute it and sip it at 
religious functions Among Hindus it is even customary to poor a 
spoonful of it into the mouth of the d>ing It is an age long and 
nlmost universal krhef with Hindus that m spite of its pollntioo the 
gods protect the partakers of this holy water from evil effects 
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This belief has proved to be sound as a result of research in 
bacteriology. 

It was found many years ago that Ganges water contained the 
bacteria of some of the deadlieit scourges of mankind and yet its 
internal use produced no harm. For a long time the mystery 
remained unsolved. At last a new generation of scientists made a 
fresh attack on the problem. They arrived at the theory that the 
water nourished other kinds of organisms so minute as to defy 
detection with the most powerful microscopes and that these tiny 
organisms were annihilating the bacteria. The theory was put to 
the test. A quantity of Ganges water was filtered in such a way 
as to leave, according to aU known laws of science, no organism 
alive in it. The filtered water was treated in the required manner 
to obtain a culture of bacteriophage, but without perceptible result. 
A few drops of it were then poured into a test-tube containing a 
slightly milky culture of the most virulent bacteria — the germs of 
such diseases as cholera, dysentery and enteric. The millciness in 
the tube disappeared, and its contents were carefully examined with 
a microscope. All the bacteria were found to be dead. It was 
thus definitely proved that Ganges -water contained, side by side 
with malignant bacteria, filter-passing organisms which attacked 
with deadly effect bacteria of the types bottled in the test-tube. 
These experiments have been pursued further, ajd it is claimed 
that bacteriophage inimical in their natural element to bacteria of a 
single disease can be trained to attack two kinds of bacteria and 
later three or four. 

The School of Tropical Medicine at Calcutta, availing itself of 
these valuable results, produced a culture a few drops of which, 
administered through the mouth to a dysentery patient, have, it is 
stated, effected in a few hours a cure which normally takes days or 
weeks. But this new remedy has not always proved infallible and 
not all medical men accept it as an absolute cure. 


( 66 ) 


Greatest Height at which a Locomo- 
tive Whistle has been heard 


Over 2 miles 


(67) World’s Third Highest Group of Thermal") 
Springs— -the Baths at Toro near Elqui 
in Province Coquimbo, Chile, South 
America • 


10,690 ft 


14 
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(68) World’s Second Highest Group of Ther ') 

mal Springs— those at the famous shrine > lo^oo ft 
of Jumnotn (Tehn State), Himalayas J 
Note — JumnOtri fa situated 4 mifeo below the Bfacier to which the 
nver Jumna owes Its source. Qose by the Jumna temple he a number c£ 
very hot spnngs from which water Issues at a temperature of 904® C. 
( 191 7® r ) The pilgrims cook nee in these springs 

Many hot spnngs occur in the Ladakh Province of Kashmir, and it is 
possible that some of them lie at a higher elevation than the Jumndtn 
group but we have no informabon on this pomL The best known of the 
Ladakh spnngs are those at Nubra and Puga and their temperature is 
(167® F ) The water is dear and there are beds of soda below the spni^ 
The Puga spnngs he in the bed of a stream where they bubble out at 
temperatures ranging from 2&7® to 60® C ( 80® to 140® F ) The hottest 
contain sodium chlonde and sulphuretted hydrogen tn solution and those 
of lower temperatures sodium chlonde and si^ium borate 

(69) Most elevated Observatory m India— the 
one at Leh, Ladakh Province, Kashmir J 

Note 

This ts a meteorological observatory Two other w eather stations 
above 10,000 ft level maiatained by tbe Indian Meteorolc^ical 
Department are at Dras ( 10,059 ft ), Kashmir, and at Kailang 
(10,087 ft ), Ka/igra District, Punjab 

Afally equipped meteorological observatory will have barometers, 
and at least one barograph to record the changing atmosphenc 
pressure on a moving drum , thermometers for maximum and minimnm 
readings of the air temperature, and thermographs for recordmg 
them a psychrometer which, by reference to tables, gi\es relative 
humidity or moisture m the air, dew point and vapour pressure, a 
hygrometer and hygrograph, for ^termming humidity, an anemo 
meter to give velocity of wind, an anemoscope or Avind vane, for 
direction of wind , a nephoscope for making observations of cloud 
movements, their direction and veloaty at a given time , and a ram 
gauge for measuring the quantity of ram which falls at a given place 
during 24 hours 

There are about 250 observatories in India maintained by the 
Meteorological D^artment which take daily weather records At 
the mam or first*mss observatories, besides the usual weather 
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recording instruments there are seismographs, delicate instruments 
which can record earthquakes occurring as far away as Pern. The 
chief centre for this work is the Colaba Observatory at Bombay. 
The principal observatory for work in terrestrial magnetism is the 
one at Alibag in the Kolaba District of Bombay, a place which lies 
on the magnetic equator. There is also an astronomical side to the 
Department’s work. The fundamental time-keeper with which clocks 
and watches have somehow or other to be compared is the transit 
overhead of the sun or of the stars. The Colaba and Calcutta obser- 
vatories make these fundamental comparisons and operate the time- 
signals at the ports for the benefit of shipping. The Railway and 
Telegraph clocks are set by the Calcutta time-signal, and they form 
the standard by which the general public set their own clocks and 
watches. The chief astronomical observatory is the one at the 
Kodaikanal hill-station ( District Madura, Southern India ) which 
has the specialized function of studying solar physics. Here is made 
a systematic study of the sun and solar phenomena by means of the 
spectroscope, spectro-heliograph and other instruments. The work 
at Kodaikanal and at the Magnetic Observatory at Alibag is carried 
out in accordance with an internationally agreed programme. 

The means adopted by the Department to fulfil its weather- 
forecasting duties shows the well-organized manner in which they 
are conducted. A corps of observers at different stations read 
standard instruments in standard exposures at uniform intervals and 
keep their records according to a uniform plan. There are more 
than 3,000 rain-gauge observers in India who take observations 
every morning at 8 o’clock according to a uniform plan and about 
300 observers who take fuller simultaneous observations at about 200 
separate places and telegraph them to one or more forecasting 
centres, where, for rapid assimilation, their telegrams are decoded 
and weather charts drawn. The organization is so extensive that 
telegrams from as far away as the Persian Gulf and Aden on the west 
and Burma on the east, based upon observations taken every 
morning, are received, decoded and plotted out at Poona, the head- 
quarters of the Department, before 11 a.m. The preparation of 
weather-maps at selected centres is the basis of every modern wea- 
ther service. These maps are essential for checking the work of 
the various observers, and they supply the data on which to base 
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the forecasts The daily weather maps are occasionally snpple- 
mented by special observations, and the meteorologist is thus enabled 
to forecast the major events of ueatfaer such as cyclones and wide 
spread heavy rainfall Some of the oliservatories take observations 
for climatological purposes, but do not telegraph them 

The duties of the Meteorological Department are multttndinous 
They include (l) The issue of timely warnings to ports and coastal 
districts of the approach of violent storms Since the introdaction 
of wireless telegraphy this duty has been extended to Inclode the 
issue of warnings to ships m Indian seas (2) The maintenance 
of systematic records of meteorological data and the pnbhcation of 
climatological statistics These were originally undertaken to for 
nish data for the investigation of the relation between weath“r and 
disease ( 3 ) The issue to the public of up to date weather reports 
and of rainfall forecasts These duties were originally recommended 
by a Committee of Enquiry into the causes of famine in India. 
(4) Meteorological researches of a general character, but particnlarly 
regarding tropical storms and the forecasting of monsoon and winter 
ninfall (3) The issue of seasonal rainfall forecasts (6) The 
issue of warnings of heavy rainfall by special telegrams to District 
officers on the Departmental warning lists (eg, canal and railway 
engineers ), and by means of the ordinary daily weather telegram to 
the general pubKc (7) The supply of meteorological, astronomical 
and geophysical information in response to enqmnes from officials, 
commercial firms or private individuals ( 8 ) Technical supervision 
of rainfall registration earned out under the control of Provincial 
Government authorities ( 9 ) The study of temperature, humidity 
and pressure conditions in the upper air by sending up small balloons 
carrying recording instramenls, and the study of upper winds by 
releasmg and observing pilot balloons { 10 ) Observations and 
researches from time to time in terrestrial magnetism and atmos 
phene electricity (l l) The mamtenance of seismolc^ical mstmments 
at various centres t'or recOTtfing eartfiquaies occomet^ nr tfnSferemf 
parts of the world 

To meet the needs of aviation which, of coarse, necessitate close 
and constant touch on the part of the meteorologist with such weather 
phenomena as fcg, clouds, thick dust haze, dust storms and thunder 
Storms, the DeparWnt has tegiooalforecastmg centres at two points 
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along the main air-route, viz,, Karachi and Calcutta, where weather 
charts are prepared twice a day. It is responsible for the supply of 
weather reports and forecasts to aviators on routes also outside 
Northern India. Many of the -feather phenomena are local and short- 
lived and are liable to rapid changes, and hence the need for observa- 
tions more than once in a day. 

The head-quarters office at Poona serves as the main forecasting 
centre for the Indian area and publishes the Daily, Weekly and 
Monthly Weather Reports and an annual volume entitled the 
Weather Reviexo. It undertakes the issue of heavy rainfall warn- 
ings for the whole country excepting north-east India, and the issue 
of warnings of impending storms in the Arabian Sea. It is respon- 
sible for practically all climatological work in India including check- 
ing and computation of data received from most of the meteoro- 
logical observatories and the preparation of normals of rainfall, 
temperature, humidity etc. for all observatories. It collects and 
analyzes weather logs from ships in the Arabian Sea. It is responsi- 
ble for the design, specification, test and supply of special meteoro- 
logical instruments. Since its transfer from Simla to Poona, the 
office has been equipped as an upper air observatory and has also 
been designed to afiord facilities for research in theoretical and 
practical meteorology. 

The Alipore Observatory at Calcutta serves as*a regional fore- 
cast centre for the air-route between Allahabad and South Burma, 
and is responsible for the publication of the Calcutta Daily Weather 
Report for north-east India, for storm-warning in the Bay of Bengal 
and heavy rainfall warning in north-east India. It has complete 
charge of all second and lesser class observatories from Assam to 
Orissa, while its other duties include the supply of time-signals to 
the Port of Calcutta and by wireless to shipping in the Bay of 
Bengal. It is also a first class weather observatory, pilot balloon 
observatory and seismological station. 

For upper air work in India, the head-quarters is the Agra 
Observatory. It is responsible for the upkeep of all the pilot 
balloon stations in India and neighbouring countries and for supply- 
ing them with the necessary equipment for carrying out daily pilot 
balloon observations and supervising their work. These duties 
have nepessitated the provision of a factory for tbe manufacture of 
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hydrogen gas and its compression into tnhes as well as the main 
tenance of a workshop for the repair of instrnments and hydrogen 
tubes and the manufacture of upper air instruments All data from 
pilot balloon observations are collecfed, checked and statistically 
summarized at Agra This observatory is the principal centre of 
upper aur research work m India. 

The Colaba and Alibag Observatories specialize m the study of 
geophysics, particularly seismology and terrestrial magnetism besides 
carrying out the duties of a first class weather observatory They 
take star and sun observations for the determination of time and are 
responsible for the time — ball service at Bombay Harbour and the 
rating of chronometers belonging to the Royal Indian Marine and 
Royal Navy 

The Kodaikanal Observatory is the biggest in India and is known 
the world over It stands on a peak of the Palm Hills at an elevation 
of about 7,700 ft It is one of the comparatively few solar physics 
observatories in the world Some of the important research work 
done here is referred to in our chapter on the Sun But while the 
observatory specializes in this branch of astronomical study, it also 
undertakes the duties of a first class meteorological observatory and 
a seisfflological station The only other astronomical observatory m 
India IS the Nizamiah Observatory of Hyderabad ( Deccan ), which 
is exclusively ocdupied with problems of solar physics 

It IS needless to point out that for all these duties which are of a 
complex and highly technical character a well trained staff of 
saentJsts is necessary Indianization of the services has perhaps in 
this Department more than in any other gone on apace Almost all 
the first class meteorological observatories id the country and the 
Magnetic Observatory at Alibag are now under the direction of able 
and industrious Indian physicists, many of whom have distinguished 
themselves by their research viork vn seismology and other branches 
of geophysics, and in thunder storms and other atmospheric 
phenomena. 

A new branch of activity is being introduced at Poona to give 
effect to a scheme of research m Agricultural Meteorology, nhich 
will extend provisionally for a period of three years The work 
will begm with a critical enquiry of the available data on the area 
and yield of crops fSr the different Provinces and Districts, which 
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will be subsequently correlated with accumulated meteorological data. 
There will also be an experimental or biological side to this work 
of investigation. The new branch will decide what meteorological 
and physical data should be coflected regularly at the various experi- 
mental farms in the country for future correlation with the rate of 
growth and the yield of crops. The preliminary investigations will 
aim at the selection of the best methods and their standardization for 
measurement of solar radiation, evaporation, soil temperature and soil 
humidity, so that these data may eventually be systematically maintai- 
ned besides those of wind, rainfall and the humidity and temperatures 
of air. The other research work will be mainly in connection with 
the meteorology of the air layers near the ground and the flow of heat 
and water through its surface. It will be one of the objects of the 
new branch to interpret the needs of the farmer to the forecasting 
section of the Department and assist him with such useful data as 
warnings of adverse weather like frosts, heat waves, cold waves and 
heavy rainfall, so that he may take protective measures in time when 
possible. Weather forecasts, if supplied to the farmer, will be of 
great value to him in his operations. By close co-operation with the 
Agricultural College at Poona it is expected that a model agricultural 
meteorological station wiU be opened during the first year. Such a provi- 
sion will furnish the basis for the extension of systematic experi- 
mental work in agricultural meteorology to a few selected experimen- 
tal farms in different parts of the country. 

The most elevated observatory in Asia is the one at Gyantse 
{ 13,110 ft. ) in Tibet, which is a meteorological station maintained 
by the Government of India. There were two still higher ones, at 
Pharijong ( 14,400 ft. ) and Gartok ( 14,240 ft. ], also in Tibet, but 
the former was closed in 1915, and the latter has been temporarily 
shut down. 

The world’s loftiest observatory is the one situated on the snow- 
bound crest of Monte Rosa, Swiss Alps, the second highest peak in 
the whole Alps. It stands at an elevation of 15,317 ft. above the sea. 
Here the perpetual snow gives records of extreme cold the year 
rormd. 

(70) World’s Highest ‘Bubbling Spring’— the 1 

spring at the famous shrine of Kedarnath, V Ib753 ft. 
Himalayas * J 
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Note 

In this spring, says a wnter, 'every few seconds laige babbles 
of gas rise up through the cleat water K6(iixnatli stands on the 
bank of the Mandakini river 

In the Himalayan region referred to there are other important 
springs besides those already mentioned Some are situated at tbe 
shrine of Triyugi Narayan Four lie near the village of Tapoban, 9 
miles from Joshimath, the wmter seat of the Rawal or High Pnest 
of Badnnath and one of the fonr Maths established in the Himalayas 
by Shri Shankaracharya, the ‘Apostle of the Hills’, for his disciples 
about the 7th century A. D THie temperatures of the water m these 
springs vary from 37** to SB** C (99® to 127® F ) All the Himalayan 
springs are mentioned m the K£dara Khanda of the Skanda Parana. 

The great poet Kalidasa, m Raghuvamsha, defines a Tirtha as a 
holy place, a place of pilgrimage, especially on or near the banks of 
a sacred river or near a spring The Himalayan shrines which we 
have mentioned are therefore Tirthas in even a wider sense, since 
they are all situated in tbe proximity of both a river and 
a group of springs Onr ancients thus exercised great foresight 
In selecting for these shrines spots close to thermal springs from which 
issne health giving ^vaters 

Hot springs occur m varioas other parts of India. There are 
nnmerons hot springs in the distncts of Ratnagin, Kolaba, Thana, 
Khandesb, Kaira and Panch Mahals and in the Province of Sindh. 
The temperatures of the Ratnagin springs range from 3^ C (lOtf* 
F.) to almost boiling point TheTalukas (sub divisions of a district} 
of Bhiwandi, Vada and Mahim in Thana District contain a number 
of hot springs, a few of which he m natural hoUows in the rock in 
the bed of a river They are submerged during the rainy season 
wnen the river is fnlL Their temperatures range from 43® to C. 
( llO® to 136® F ) and remain uniform The best known springs m 
Sindh are those of Lakh! near Sehwan, LSrLana Distnct, and Magar 
Pit, north of Karachi The Lakhi spring, popularly known as Dhira 
Tirth, flows from the base of a sleep limestone cliff, 600 ft. high, 
called the Dhara Hill Cisterns have been constructed to provide 
facihties for bathing The temperature of the spring water 
vanes between 102® and 124® F, (39^ and 51® C) The Magar Pir 
spnngs are situated amidst l«r^, rocky hills, their temperature 
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boing 133® F. ( 56® C. ). In an adjacent pool enclosed by a mason- 
ry w-all are confined a number of marsh crocodiles, hence the name 
Magar springs. In Madras Presidency there are in the bod of the 
Godiivari two warm springs oifo of which lies in tlio middle of the 
river at Bliadrlichollam, al>ont 100 miles north-east of Rnjahmundry. 

From many springs in the Bhtwandi TSluka bubbles of gas rise 
and give off a strong sulphurous odour which in one case has unroman- 
tically been described as * the smell of rotten eggs and gun washings’. 
Tlic nasty smell must bo duo to the gas being sulphuretted hydrogen 
which, being less freely absorbed by hot than by cold water, escapes 
in larger quantities from hot sulphur springs than from Inkowarm or 
cold ones. The ‘bubbling spring’ at Kiidanmth evidently difiors in 
some respects from the other springs in the Himalayan region. Its 
water is highly impregnated with iron and sulphur, and it appears to 
bo a cold spring or a lukow.avm one. 

Spring water containing iron and sulphur is considered to bo 
beneficial to persons sufToring from anaemia and chronic diarrhoea, 
and sulphurous water, both hot and cold, to bo efficacious in gout, 
rheumatism, dyspepsia and aflections of the liver and the skin. The 
waters of many of the hot sulplmrons springs in Sindh are reputed to 
bo beneficial in obstinate skin diseases. 

There is a largo group of hot springs at Rajgir, the capital of the 
ancient kingdom of Mngadha and now a Jain idnco of pilgrimage in 
Patna District in the Province of Bihar & Orissa. They are more 
than a dozen in number and lie on both banks of the Saraswnti 
rivulet. Their temperature is about 4?.® C. ( 108® F. ) and tlioy are 
usually hottest in November or December when the outflow is at its 
maximum. These springs have been found to possess radio-active’® 
properties which Sir Jagadish Chundor Bose and Professor N. C. Nag 
have been studying for many yc.ars by means of a highly sensi- 
tive electrical apparatus specially constructed at the Bose Institute 
at Calcutta. Professor Nag especially has made extensive research 
into this radio-activity, dcl.ailcd results of which, along with informa- 
tion about a number of similar hot springs in other parts of India, 
will bo published in the next Transactions of the Institulo. Many 
mineral springs are slightly vadio-.aclivo, mul such therapeutic values 
as their waters may have arc duo to their containing radium omaiia- 

*I'or explnn.atlon of Hits term, vide Chapter Ifl, Item 1. 
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tion, a gas called radon Thermal springs sometimes are so radio- 
active that unrestricted bathing m them has proved mjunous la 
America sick persons are permitted to bathe m their waters, only for 
periods fixed by an attending physician hlost radio therapeutists 
seem to be of the opinion that waters containing radio active sub 
stances in sufficient quantities to affect the body may be dangerous 
when taken internally and should never be so used except under the 
careful supervision of a competent physician Professor Nag s im 
pending report vv ill show to what extent the Rajgir and other springs 
are radio active 

In Iceland the hot springs are effectively exploited in numerous 
ways for the general well being of the community The Govern 
ment and the Municipahties were authorized some time ago to take 
over all the hot springs in the island In 1930 a hundred of them in 
its southern part were purchased along with a few farms One of 
these farms has been converted into a dairy, the machinery of which 
IS worked by steam from the springs The experiment has proved 
so successful that more dames are being built Another farm is 
being transformed into a sanitarium for consumptives, as the spring 
waters there have been found beneficial m pulmonary troubles The 
springs are also taken advantage of to provide heat for hothouses 
and they hav e thus made possible the cultivation of various kinds 
of v^etables all the year round In the neighbourhood of Reyk 
javik, the chief town, he a number of hot springs which are utilized 
to satisfy civic needs The water is carried to the town by pipe 
lines and is used to heat some of the city s dwellinghouses and also 
laundries, schools, hospitals and other public buildings Besides, a 
warm water swunming bath has been opened, receiving its supply 
from the springs at a temperature of about 90® C ( 194® F ) CoM 
water is no doubt carried into it by another pipe to bring down the 
temperature to a bearable point Through the scientific nse of her 
springs Iceland bids fair to become in course of time agriculturally 
independent 

The heat of hot spring water is variously explained According 
to one theory, it may have its or^ m subterranean lava A more 
convincing explanation is that rntteonc waters— a comprehensive 
term which includes besides ram water other forms of water 
precipitated from^e atmosphere such as dew in tropical regions 
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and snow and frost" in colder regions, after penetrating deep into 
the earth,. rise up again along fissures in the rocks underground, and 
acquiring the temperature of these rocks, emerge at the surface as 
hot or thermal springs. • 

Earthquakes are sometimes accompanied by strange behaviour on 
the part of hot springs. There was a severe earthquake in South 
Serbia ( Jugoslavia ) in March 1931. Professor Jelenko Mihailo- 
vitch, Director of the Belgrade Seismological Observatory, after a 
careful study of its effects, obtained confirmation of the report sent 
out from the affected district that several hot mineral springs in the 
area disappeared suddenly and reappeared hundreds of yards away 
in the form of geysers spouting several feet into the air and showing 
a much higher temperature than before. A day after the great 
earthquake of" 8th March, the hot water returned to its original outlets 
but increased considerably in volume . Its temperature was then 
found to be about 49® C. ( 120®F, ). Shortly afterwards the springs 
returned to their normal temperature of 36® C. { 97®F. ). Within 
300 yards of these hot sulphurous springs lay a spring of cold 
arsenic water, which remained cold but whose volume increased 
enormously. 


( 71 ) 


Elevation of the Cave Shrine of 
Amarnath, Himalayas 


About 12,000 ft. 


Note. — Amarnath is a celebrated mountain shrine in the snows 
between the main body of the State of Kashmir and its Tibetan pro- 
vince of Ladakh. Many Hindus believe it to be the ‘Abode of the 
Gods ’ and therefore look upon it as the holiest spot on the earth. 
Thousands of pilgrims from different parts of India visit the place 
every year. It is a march of about 100 miles from Srinagar, the 
last 40 of which are extremely difficult and often dangerous. Serais, 
which consist of stone- walled, iron-roofed huts, are provided by the 
State at convenient stages to within 5 miles of the cave. The route 
for the first 60 miles up to Pahlgam is easy. The scenery thereafter 
is superb. Lovely flowers grow in exuberance along the route, 
the large showy white peony, the flag-flower ( iris ), the wind-flower 
( anemone ) and Alpine flowers, many of which impregnate the air 
with their sweet perfume. 

The route has to be repaired every year, for, -^^th the melting of 
the snow, the serais at all high camps are shattered by avalmichei 
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and their roofs often earned half a mile off, the rivers become flooded 
and the bridges are washed away But on this march, remarks a 
writer who has visited the shnne, ‘ the nnique charm of Kashmir is 
typically lUastrated Yon could easily imagine yourself in Japan, 
Scotland, Canada, the Dolomites or Switzerland, until yon arrive at 

12.000 ft amidst scenery which only the “ Roof of the World can 
show ’ Here lies a glacier fed lake named Shdsh Nag with la^e 
masses of ice floating m it Immediately m the background rears up 
the massive block of Kohmor, ‘ Mountain of Light ' ( 18,000 ft ), the 
glory of which, is seen at its best at sunset The pUgruns regard it 
as their sacred duty to bathe in this lake Sometimes one single 
summer brings 6,000 people to the shrine Dozens fall victims to 
pneumonia. In a bad year hundreds have perished in the floods let 
loose by the melting snow, and once a large party of pilgnms, 
snspecting the good faith of their Mahomedan guides, refused to hurry 
back over the watershed and were entrapped on the Amamatb side 
by a heavy snowfall 

From Sh4sh Nag the route ascends to the watershed of the 
Lidarand Smdh risers to about 14,000 ft Here the flowers are 
marvellous wherever the snow has melted. A steep descent o! 

2.000 ft from this place leads to a large meadow, a vast camping 
ground, from which the last march begms The Himalayan marmot 
IS found here m®large numbers From this point the path climbs 
so sharply that no pony can be led up The last 500 feet to the 
shrine are negotiated by the devotees on their hands and knees 

The cave contams only three solid columns of pure white ice, 
each 4 or 5 ft high, stained with \ermiIion and hung with faded 
garlands of mangold One remarkable feature about them is that 
they never melt whatever be the temperature outside, though they 
increase and decrease in size with the waxing and waning of the 
moon It IS probable that these phenomena have given rise to the 
ideas about the sanctity of this place AH around the cave grow 
‘ the fairest and frailest of flowers ’ m every crevice, and the wnter 
to whom we owe most of our information about this shrine loses 
hunself m rapture as he tries to desenbe ' the majesty of the scenery’ 
around and * the sublimity of the towenng shows’ beyond 


(72) Volcano de Agua or Water Volcano, 
Guatemalaj Central America 


12139 ft 
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- Note.— The volcano is so called because in 1541 it destroyed the city of 
Old Guatemala by a deluge of water. The source of the great flood must have 
been a lake in the crater. The volcano is conical in shape. From its crater, 
which measures 140 yds. by 120 y^s., stones and torrents of boiUng water 
are occasionally discharged, 

Guatemala is a volcanic country. Two other well-known volcanoes in it 
are Santa Maria (12,467 ft.) and Acatenango (13,615 ft.). A devastating 
eruption of the latter took place in January 1932. According to the brief 
preliminary report, it destroyed at least three towns and covered a number 
of other places with dense clouds of smoke and volcanic ashes. 


(73) World’s most elevated body of water on") 

which steamers ply— Lake Titicaca in the K 12,466 ft. 
Andes Region, South America J 

Note.— Its length is about 130 miles, breadth 41 to 61 miles, average 
depth 100 ft. and greatest depth about 1,000 ft. 


(74) Elevation beyond which Forests ) 
cease to grow in a dense form J 


12,000-13,000 ft. 


Note. — ^Thick forests at these elevations occur in the Himalayas alone. 


(75) Elevation of Alto-Stratus Clouds ... About 13,000 ft 

Note.— These are usually thick, grey or bluish sheet clouds, sometimes 
forming a compact mass of fibrous appearance. 

(76) World’s most elevated Flying Field— La ) ft 

Paz, Bolivia, south-east of Lake Titicaca J 

(77) Greatest Height at which Insects have ) 

been caught ) 

Note. — Aeroplanes are often used nowadays by entomologists to 
collect insect specimens at heights not previously invaded for such 
purposes. They have in this way caught in specially-made nets mites, 
gnats, tvasps, flies and other insects high in the air. Balloon spiders, 
which are wingless insects and are thus devoid of flght power, have 
been captured even at 10,000 ft. above the ground. Strangely enough, 
the insects found at the record height mentioned above are snails, 
noted for their sluggishness. Glider pilots have often seen butterflies 
thousands of feet above the ground. This curious migration of insects 
•into the air is ascribed to three causes : — 

( 1 ) Voluntary flight by the stronger of winged insects. 

{ 2 ) Travel by certain kinds of insects, which partly rise under their 
own wing power and partly are carried aloft by vertical air 
. currents. 
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(3 ) Transportation by upward breezes In the case of the smaller aoa 
lighter insects and sometiines of wingless bugs. After they 
are picked up and earned to great heights, their courses are 
directed by the winds above thp clouds 
The power of the wind in carrying up both objects and living 
creatures is best illustrated by the whirlwind and the tornado. 
In Inda cases are from time to time reported of fishes having fallen 
from the sky during heavy thunder storms accompanied by torrential 
ram Dr. E, W. Gudger of the Department of Ichthyology at the 
American Museum of Natural History, has found that ‘ fish rams * 
are also caused by waterspouts which suck up fish along with water 
and drop them inland as their velocity decreases. 

The tornado, dreaded for its destructive force, sometimes attains 
a velocity of as much as 500 miles an hour. The abnormally intense 
air mcfvements which occur during tornadoes have been known to 
lift from the ground heavy objects like ploughs, hen-coops and corru- 
gated metal sheets and to carry off roofs A cart wheel once came 
down from the sky near a village m Normandy ( France ) 1 Parts of 
roofs have been carried more than 15 miles away, Mr. Ivan B. Honk 
^vntes in Modern Mcchantesand Inventtons of January 1932.-- 
'Sometimes such winds sweep the water out of fish ponds, lift the fish 
into the air, and carry them many miles before they finally fan to the ground 
as rams of fishes A rancher in New Mexico picked up more than a 
hundred cat fish, from 6 to 10 inches long, after a heavy rain in September 
2930, the fish having come down with the ram many miles from the nearest 
lakes or ponds Sometimes oranges, frogs, gram and the like are picked up, 
transported and precipitated with the ram There is one case on record 
where a young alligator, 2 feet long came down with the ram.* 

At the disastrous hurricane which swept over Belize m 
Bntish Honduras on 10th September 1931, the heavy maho 
gany doors of the hall in Government House were wrenched 
off their hinges and sent flying leeward. The entire roof of the cathe 
dral went sailing in the air, the top storey of a three storeyed school 
was blown down, and a li^t boat was caught up in the fury of the 
storm and dropped at the front door of the school. Tall houses and 
Negro huts vanished from the landscape In one area of the town 
the whole population numbering about 1,000 was wiped out. 

( 78 ) Elevatioc beyond which Trees cease 7 13^57 ft, 

to grow / 
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Note.— The only trees found at such an elevation are the poplars 
growing at Mangnang in Gnari Khorsiun, a Province in Western Tibet. 
In the Andes Mountains trees end at about 12,130 ft, but in the dormant 
volcano of Popocatepetl (17,876 ft.^ in Mexico they continue up to a little 
over 13,000 ft. 


(79) Most Elevated Town in the Eastern "l 

Hemisphere — ^Junglache in Tibet, }• 13.600 ft. 

300 N. 880 E, J 

Note.— It is the second highest town in the world and stands on the 
bank of the river Maghang Tsan-po, the Tibetan name for the trans- 
Himalayan section of the Brahmaputra. 

(80) World’s Largest Active Volcano— ) 

Mauna Loa, Hawaii or Sandwich Islands j ' 

Note. — The name means ‘Long Mountain ’. It has an enormous lava 
dome. Mauna Loa is not merely the largest active volcano but the largest 
mountain in the world in cubic content. It discharges at an eruption more 
lava than any other volcano in the world. For further information vide 
Chapter IV. 


(81) World’s Most Elevated Town— Pasco, ") 

the seat of Silver Mines in Peru, South [• 13,720 ft. 
America J 

(82) World’sLoftiestlslandMountain— Mauna ■) 

Kea, Hawaii Islands | 13,825 ft. 


Note. — The name means ‘White Mountain’, the sumifct being covered 
with snow. In the true sense Mauna Kea is also the highest mountain peak 
in the world, for, although there are scores of others higher above sea level, 
this peak has its base on an extensive plain 18,000 ft. below sea level and is 
built up from there as a single mountain, rising within a distance of 50 miles 
to a height of nearly 31,825 ft. — (Encycl. Br., 1929). As mentioned in Item 1, 
the plain in question forms the lowest tract of land in the world. 

The Cordillera Occidental or Western Andes of Peru presents a feature 
of outstanding interest somewhat similar to that of Mauna Kea. The 
mountains extend for some distance along the coast, rising abruptly from 
abysmal troughs in the Pacific as deep as 20,000 ft. This part of the Andean 
belt forms thus a continuous, gigantic wall — 40,000 to 42,000 ft. high as 
measured from the ocean floor to the summit — the loftiest mountain front in 
the world. 


(83) ‘Roof of the World’— the Great 
Steppe or Plateau of Pa:mir 
between Chinese and Russian 
Turkestan, Central Asia ! 


11,000-14,000 ft. 
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Note 

Pamir is the northernmost extremity of the elevated mountain 
plateaa, the largest plateau in the stretching northward from 
TranS'Himalaya for 1,600 miles. The area of Pamir is about 
37,000 sq. miles 

Bournouf suggests, v/ith considerable ingenuity, that the name is 
derived from the Sanskrit Upa Mem, which means * the land near 
or resembling M6ru ' or * Mini Minor * or ' Lesser Mere’, 

Most of the region is covered with snow for half the year, but la 
spring grass grows on many parts of the plateau m luxuriance. 
Two great rivers nse m this region The Oxns or Amu Dana floiv-s 
off to the west and the Jaxartes or Syr Dana to the north. The 
best-known river on the plateau is the Panjab, a tributary of the 
Oxus, which IS so named, according to some authonties, owing to 
its being formed by the confluence of five (Sansknt panchm) 
streams. 

FSimr IS actually cut up by mountain ridges axtenduig to a 
height of 4,000 to 3,000 ft. above the plains into a number of smaller 
plateaux or Pamirs, the most important of which, named Pamr i 
Shtva or Shiva’s Plateau, is of great extent and elevation. The 
high and rugged mountain ridges and depressed over beds whidi 
intersect the region make it a difficult one to cross. 

The chief lakes m the highlands are — 

( 1 ) Zor Kool or Victona Lake, area 25 sg m Elevation 13.900 ft 

(2) Little Kara Kool, 15 eq m. Elevation over 13 000 ft 

( 3 ) Boolan Kool, 8 sq m Elevation over 13,000 ft 

(4) Great Kara kool, 120 sq m Elevation 12,800 ft 

( 5 ) Rang Kool, 15 sq m Elevation 12,600 ft 

(6) Yasbil Kool, IG sq m Elevation 12,550 ft 

(7) Shiva Kool, over 100 sq m. Elevation 11,800 ft. 

Some of these names are of great interest In Sansknt hard 
means a heap of snow, and ‘ hoolam * means a pond, so tkit the 
name Kara-Kool would mean * a frozen lake ’. Similarly, Rafi£ Kool 
would mean ‘ coloured lake’. Shiva-Kool, like the Shiva Pamir, is 
obviously named after the god Shitm 

Buddhism appears to have flourished m ancient tunes in the Pamif 
region, for the (JLinese traveller Hiouen-Tsang, who visited the 
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Oxus countries in 630-644 A. D., says that there were Buddhist 
monasteries or Viharas in the Pamir highlands. 

Most of the foregoing information is taken from the Encycl. 
Brit [1889). • 

The eminent French savant, Quatrefages, says that, judging from 
what exists to-day of this vast central region of Asia ( Pamir ), it 
may be regarded as having included the cradle of the human race. This 
view, says Dr. William Warren in Paradise Found, has been widely 
accepted by mythologists, comparative philologists and archaeological 
ethnographers. Among the most distinguished supporters of this view 
may be mentioned Professor Max Muller and Sir S. Radhakrishnan. 

In his Indian Philosophy Radhakrishnan says that the Vddic 
Aryans and the Iranians lived originally in Central Asia as one un- 
divided race till the necessities of life, want of room and a spirit of 
adventure impelled them to leave their common motherland in search 
of a new home in different directions. The history of Indian thought, 
he adds, begins only when the Central Asian Aryans divided them- 
selves into two groups, the one coming down through Afghanistan to 
India and the other spreading over the country known as Iran. When 
the Aryans entered the Punjab, they found the aborigines of India, 
whom they called Dasyus, opposing their free advance. 

While a large number of Western and Oriental savants hold that 
Pamir was the scene of primeval paradise or origirihl homeland of 
the Aryans, there is another important school of thought which 
strongly contests this view. It is maintained by this latter class of 
writers that there is ample Vedic and other evidence to show that 
the cradle of the Aryan race lies in Aryavarta or Saptasindhava, the 
famous Land of the Seven Rivers, the modern names of which are 
Ganges, Jumna, Saraswati (now dried up), Sutlej, Ravi, Chenab 
and Indus ; that it was from this ancient land that the Aryans 
migrated to other countries and continents ; that they coloniz- 
ed even the Arctic regions over 200 centuries ago and established an 
extensive colonial empire, and that, owing to the love of the Arctic 
colonists for their motherland, the latter kept up constant communi- 
cation with Aryavarta which they used to visit from time to time. 
This theory is either advanced or supported by well-known Western 
scholars like Count Bjornstjerna, Mons, Delbos, Sir Walter Raleigh 
and Colonel Tod. The most exhaustive wmrk on Ibis subject which 
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we have come across is The Aryavaritc Home and tts Ardtc Colo 
fucs by Mr N B Pa^ee, m whidi the author says — 

‘It seems that while sciencefayoiijs theideaof the Onent having been 
the cradle of the Aryans, not to say of the whole human race the VMic 
testimony supports the theory of the Aryan cradle m Aryavarta or 
the Land of the Saptasindhos or Seven Rivers For instance, ta Rig 
V6da the tract of Aryavarta watered and traversed by the nvers of 
the Punjab and lying between the Indus and the Saraswati appears to 
have been des gnated as the God fashioned Region or the Land of 
God and the Scene of Creation 

In his Htsiory of the World, Sir Walter Raleigh strongly sup 
ports the general Hindu view regarding the cradle of mankind and 
adds that India was the first country to be inhabited on the earth. 

Mr Har Bilas Sarda m his Hindu Supenonty quotes from 
Vyasa s Hanvamsha a reference to Hindu colonization of the nor 
them country of modern Siberia, where it is said the Hindus esta 
blished a kingdom with Bajrapur as its capital It is further stated 
that when the ruler of this new kingdom was slam in battle the 
three sons of Sbrt Krishna Chandra with a large party of Ksbatriyas 
and Brahmans, proceeded to that country and the eldest son was 
installed on the throne as the snccessor of the dead king and that on 
the death of Shrt Krishna Chandra bis sons paid a condolence visit 
to Dwarka. Mr Sarda elaborates this theme of Hindu migration 
by a number rfi quotations from Colonel Tod s Rajasthan We 
reproduce one or two of these — * The sons of Krishna eventually 
left the Indus behind and passed into Zabuhsthau, and peopled those 
countries even to Samarkand.’ * The annals of the Yadns of 
Jaisalmer state that, long anterior to Vikrama, they held dominion 
from Ghazni to Samarkand that they established themselves m 
those regions after Mahabharata or the Great War, and were agam 
impelled on the rise of Islamism within the Indus ’ 

The distinguished French astronomer, Mons Bailly, m bis 
H.vd/w:e.d&. I AstronamtA AfiOAfuui^ssa,^ —‘In Siberia and gene 
rally below the 50th parallel of latitode and between long 80® and 
130^, are found visible signs of the country having once been inha 
bited by a civilized race , the rums of several towns which appear 
to have been at one time prosperous , manuscripts written on pieces 
of silk, . and human ^ures carved in gold, silver and bronze. 
The human figures were representations of Indian deities ’ In another 
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place he quotes a certain 5 M. de P.’ who, speaking of Indians, made 
the following remarks ; — ‘The most terrible of all their penances 
was that which made fliem go pilgrimage to the pagoda of the 
Grand Lama. They go even to Siberia, so that these Indians have 
been seen going there on foot, carrying water and provisions from 
Calicut as far as Selinginskoi in Tartary.’ Commenting on these 
remarks, Bailly observes : — ‘ The Indians themselves say that the 
Brahmans came from the north. Can we not in fact take it that 
these pilgrimages are a homage which the religion of the Indians 
pays to the country in which it was born ? ’ 

But data from nnmerous sources have been collected by Sarda 
and Pavgee, especially the latter, in support of the theory that the 
original nursery of mankind and of the Aryan race was Aryavarta it- 
self, the Land of the Seven Rivers, and that this was the centre from 
which the Aryans subsequently migrated to other lands on the globe. 
It is possible to explain on the basis of this view the Hindu or 
quasi-Hindu names of some of the places on the plateau of Pamir 
and the references quoted above from Bailly’s work. The Aryans 
might have colonized among other countries vast tracts of Central 
Asia in the remote past, as appears from some of the facts already 
mentioned, and such relics of Hinduism as have been or may still 
be fonnd there, whether objects or names of places, may date back 
to the days of Hindu colonization of those regions? The Indians 
who, according to Bailly, used to travel on foot from places as far 
south as Calicut in Malabar to countries so distant as Tartary, were 
probably merchants traveUing abroad for trade. 

We have dealt so far with Wo theories regarding the original 
home of the Aryans : first, that it was the Pamir region of Central 
Asia, and secondly that it was that part of India which we now 
know as the Punjab. There is however a third and very important 
theory propounded at great length, probably for the first time, by 
that great Indian political leader and savant, Bal Gangadhar Tilak, 
in his learned work The Arctic Home in the Vedas. He mentions 
the existence of references in the most ancient books of the Aryan 
race, the Vedas and the Avesta, showing that the primeval Aryan 
paxadise,'the happy land of Airyana Vaejo as the Avesta calls it, lay 
in a r^ion'far north where the sun shone only once a year, a region 
which was in later times rendered uninhabitable*by the inclement 
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climate dae to the invasion of snow and ice The V6dic and Avesbc 
traditions, says Tilak, have been found trustv-orthy when 
m the light of comparative mythology and geol<^cal and ard 
aeological researches, and these traditions falJy prove that the ances 
tors of the Vfidic Aryans lived m the interglacial penod in the 
Arctic region somewhere ronnd about the North Pole, which is con 
sidered by many great scientists as the most likely part of the Tiorld 
where plant and animal life first originated and where alone a dawn 
of 30 ^ys duration would be an astronomical possibility Alter 
the destruction of this Arctic home by the last glacial epoch, the 
Aryans migrated southwards, and settled at first in the northern 
parts of Europe or on the plains of Central Asia This migration 
thus took place at the beginning of the post glacial epoch, that is 
abont 10,000 years ago Elsewhere in his book the author states 
that the Avesta contains some important passages directly bearing 
upon the question of the migration of the Aryans from then home a 
the far north to the regions watered by the Orus, the Jaxartes or the 
Zndas *It was on these plains ( of Central Asia ) we ire told , adds 
Tilak, ‘that our oldest ancestors gazed upon the wonders of th» 
dawn or the rising sun with awe and astonishment, or reverentially 
watched the storm clouds hovering m the sky to be eventually broken 
up by the god of ram and thunder, thereby giving rise to the worship 
of natural elements and thus laying down the foundations of later 
Aryan mythology * 

(84) India's most elevated Lake— Tsho Maran I 

in Rupshu Distnct, Ladakh Province,^ l4;900it 
Kashmir State, 3^ N 79® E j 

Note —Its area is IS m. by 6 m. It is landlocked and the water h 
brackish 

(85) Highest Altitude at which Birds have ) 

attacked Aircraft j 

Note — ^According to a report in theTrwes oflndtaol 11th April 
1932, while Mrs Griffith Lloyd, a well known Canadian woisaa 
flier, and Mr Stuart Wandell, a skilled mountain pilot, were flyiog 
over a peak of the Rocky Mountains 15,000 ft high, they sawbelov, 
them two giant eagles attacking a flock of mountain sheep Mrs. 
Lloyd, who rvas in charge of the controls, ‘nosed down, roaring over 
the birds to frigbtS'a them from their prey ‘Believing the man made 
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bird intended to rob them cf their meal, the two eagles diaiued. 
They narrowly escaped hnrtliag into the propelier, and one bird 
bmshedlow over the cockpit, ^rOdng Mrs. Lloyd, who momentarily 
lost control of her machine and nose-dived several hundred feet. 
Finally, convinced that the angry e^les, continuing to attack the 
machine, would wreck it unless the battle ended, Mrs. Lloyd turned 
the machine and fled, leaving the screaming birds circling above-’ 

A descriptian of a fierce duel in the Indian sky in 1931 between 
man and a bird of prey appeared at the time in the local Press. As 
the Rou manian Prince Antoine Broesco was flying with three other 
airmen from Allahabad eastward on 17th April that year, they 
encountered a vnlture which with a shrill whistle swooped down on 
the invader of its domain, but by skilful manoeuvring Major Bor* 
duloin, the first pilot, evaded it. The bird made a fresh cha^a 
and this time so damaged the left wing of the aeroplane as to put 
it out of acfioru The vulture was kOled in the dnel but not tefora 
it had crippled the 'plane so serionsly as to make a forced landing 
essential for safety. The machine crashed on a field between 
Benares and Gaya and ranght fire. The airmen were badly bnmt 
One of them, the second pilot, subsequently died, but the others recover- 
ed from their bums. At an interview to the Press in Bomlay prior to 
his return to Europe, the Prince gave a few further particnlars of 
this aerial battle. The machine was fiyii^ at 6,0(ft ft, when the 
vulture fell upon it from a tremendous height with such force as to 
tsar the metal wing of the aeroplane. The bird must therefore 
have swcxured down from a point higher than 6,000 ft 

A somewhat similar esperience was met with by an airman in 
England on 24th April 1931. He was flying at a speed of 100 miles 
an hour and had just plunged into the clonds 5,030 ft over London, 
when a large bird rushed at his machine and struck the propeller, and 
fas had to make a forced landing on a cricket pitch. The aeroplane 
crashed and overtnmsd, bat the airman escaped unhurt 

On 13th August 1931 while a Fiyii^ OScer of fce Royal Air 
Fores in Inda was returning in his machine from DelM, he met a 
huge vulture at a height of 2,000 ft The bird threw a challenge to 
the invader of its territory fay dashing against the aeroplane. It was 
shot dead. In spite of the heavy weight of the ds^ bird on the wings 
of the machine, the airman continusdbis flight 
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During tbe Dnchess of Bedford’s return flight from India in 
August 1929, an enormous flodc of l^ptian vultures was encounter 
ed at a height of 8,000 ft between Aleppo and Sofia. At one moment 
it was feared that the aeroplane would collide with them, but when 
within a few feet of tbe machine, the birds dispersed on either side, 


(86) Highest Elevation at which CultivaO 
tion is earned on J 

Note “There is a cluster of small villages at this devation in Tibet 
named Ombo, 32°N 87®E , where barley is cultivated. The highest elevation 
In the tropics where cultivation is earned on is a little over 14,000 ft, the 
region being the part of Northern Aod» m Venezuela lying between the 
little towns of Menda and San CnstobeL For several thousand feet on 
steep, rock strewn slopes of tbe mountain up to its summit, wheat is grown 
by the local Bed Indians. Owing to the high elevations, tropical heat 
is wholly absent In this region though it lies so near tbe equator, and the 
higher peaks here are covered with perpetual snow 


(87) World’s most elevated (rold field") 
— Thok Daurakpa in Tibet, 32® N I 
86^ E , the centre of a large gold f 
field and an important settlementj 


15,300 fU 


Note , — ^Tibet is rich in gold as aU the rivers which rise m it 
wash down sands impregnated with gold Gold digging as an mdos 
try has been in Mistence in this country from very ancient times 
rodohis, Pliny, Megasthenes, Nearchns and other ancient writers 
make mention of the alluvial gold dug out m Tibet, though they were 
totally Ignorant of the agency which dug it out of the soil Through 
the mismterpretation of a Sansknt word they formed the impression 
that huge ants — they even add that these ants were larger than foxes 1— 
used to dig out and heap up aunferous sand and that it was out of 
these heaps that the large quantities of gold available in India in those 
tunes were produced. JPliny says that ‘the horns of the gold digging 
ants were preserved in the temples of Hercules at Erythral I Profes 
sor V. Ball, an eminent geologist, has discovered that the ‘huge ants’ 
werenone other than the Tibetan miners and their dogs and that tbe 
‘horns’ were the gold diggers’ pickaxes He learnt on mquiry that the 
gold miners m the Province of X.adaldi, which formerly belonged 
to Tibet bnt is now admimstered by the Indian State of Kashmir, 
were still using pngiitive implements which are made by mounting 
the horns of wild sheep on handles. 
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Besides Thok Daurakpa and Ladakh^ the Tibetans have evidently 
been working gold-fields in other parts of the country, for we 
learn that there is an abandonee^ gold-mine near a desert plain between 
Manasarovar and a place called Barkha, a distance of 5 miles from 
the lake on the way to Mt. Kailas in the Himalayas. 

The contrast between the conditions under which the Tibetan 
gold-miner and his confrere in other parts of the world are working, 
is not without interest. The operations df the one are carried on at 
an elevation of nearly 3 miles where the climatic conditions are almost 
ideal except of course in winter when the Tibetan miner suspends work 
owing to snowfall and piercing cold. On the contrary, the sub- 
terranean worker in the deep mines of South Africa and elsewhere 
has to work well over a mile underground and requires protection 
from the roasting heat to which he is exposed. ( Vide Chapter I, 
Item 18). Besides, the Tibetan miner has not to face such terrible 
dangers as rock -bursts which take a periodical toll of life in Kolar 
Gold Fields and other deep gold-mines. 

(88) Elevation of the World’s Deepest Ac-'l 

tive Crater— Rucu-Pichincha, Andes}* 15,827 ft. 
Range, Ecuador, South America J 

Note, — This crater is a funnel-shaped basin, 2,500 ft. deep, 1,500 ft. wide 
at the bottom and upwards of a mile broad at the mouths The inner sides 
in some places rise perpendicular from the floor of the pit. Two adventu- 
rous travellers descended to its bottom over 60 years ago. At its eruptions 
the volcano discharges dense masses of black smoke and large quantities of 
fine sand. 

(89) Altitude of Alto-Cumulus or Medium ) 

Clouds J ’ ’ ' 

Note. — ^They consist of large white or greyish balls of dense, fleecy cloud 
frequently lying close together. These fleecy balls are grouped in flocks or 
arranged in rows. They merge into the Cirro-Cumulus (Item 119) , 

(90) World’s most elevated Religious' 

Settlement— the Rongbuk Lamasery 1 I6,ooo ft = 

■ situated in a valley of the same 3 m. 53 yds, 
name in the Himalayas 

Note.— It is a big Buddhist monastery in Tibet on (Je way to Mt Everest 
from the Tibetan side. 
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(91) World's Highest Group of Thermal 1 

Springs— some of the springs in Tibet J 

Note — These spnDgs, according to Scrgeon-General Balfour issue from 
the level plains near a rivulet at Chungleng at the elevation mentioned, 
their temperatures varying from 50® to 54 S^C. (122" to 130" F ) There are 
a vast number of hot springs m Tibet in the lake region vihich are tfidely 
distributed between the Himalayas and Lat 34®N Some are situated Bear 
the village of Duchm in Little Tibet and the temperature of one of these is 
C8®C. (154"F ) Hot springs arc numerous to the west of Lake Tengri Nor 
and in the mountains lying east of Lake Ma p ham One of them throws up 
water to a height oi 12 ft So intense is the cold of winter in Tibet that 
these springs are sometimes represented by pillars of ice the hot water 
having frozen in spouting I 

(92) World’s most elevated Colony— a place* 
m the Bolivian Province of Chinchas, . 

South Amenca, where some families * 
of miners have settled permanently . 


(93) 

(94) 


World’s most elevated Tableland— 
that of Tibet 

Highest Altitude at which Locust 
Flights have been observed 


J lOOOOKOOOft 
J 17,000 ft. 


Note— Locust swarms have been seen fiying at this altitude in the 
Himalayas 


(95) World’s most elevated Railway Station ■) 

— Ticlio on the Peruvian Railway, h I 7 ,oooft- 
South America J 

Note —South Amenca has also the second highest motor road m the 
world It 13 in Venezuela and runs between Menda ard San Cristobal, 
crossing a pass of the Andes mountain at an elevation of 13 583 ft. The 
world s highest motor road Les in U S A It starts from Manitou a 
summer resort m Colorado and leads to the «ummit of Pikes Peak 
(14 110 ft ) The late Moos Georges M Haardt the Belgian explorer and 
leader of the Trans Asian Expedition of 1931 crossed the Himalayas along 
with his companions in an automobile the highest elevation reached in the 
Soumey being 13 775 ft 


(96) India’s most elevated Glacier Lake— 1 17745 ft. 

Deo Tal m Garhwal, Himalayas j 

Note —A glacier lake is an accumulation of water formed by one glacier 
obstructing the outlet of a higher one. 
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(97) Highest Elevation at which Grasshop- 
pers have been seen 

Note.— Major Kingston, the n|turalist of the 1924 Everest Expedition, 
found these insects at the elevation mentioned, in the Rongbuk Valley. 
They go there in summer. One peculiarity about them is that they are very 
small and are difficult to find, for on account of their protective colouring 
they look exactly like the rocks in the crevices of which they take shelter. 

It is wonderful to find how Nature clothes certain animals, which include 
beasts, reptiles, birds and insects, with a protective colouring which makes 
it difficult for other eyes to discern them against the background of their 
normal habitat. The black bear of the Himalayas in a forest of dark-green 
pines, the snow leopard in its snowy mountain haunts, the North African 
lion in the yellowish-white sands around the Sahara oases, the white polar 
bear in the icy wastes of the Arctic, the python or boa waiting for prey from 
the trunk of a tree, the flat-headed, bright green snake moving about 
in the foliage of trees, the sand-snake in sandy tracts, lizards capable of 
adapting their colour to that of the tree, shrub or ground as they move 
about, the green parrot in the trees, moths on leaves and twigs, all these are 
prominent examples of animals which Nature has rendered practically 
immune from observation in their natural surroundings. 

(98) World’s Larger Lakes ( 50 miles or over in circum- 
ference ) above 15,000-ft. elevation 

(1) Rakshas Tal (Demon’s Lake) or Ravan-hrad'l 

(Ravan's Heart), Trans-Himalaya, Tibet. ?■ 15,098ft. 
30“ N. 81® E. • J 

Note. — Its Tibetan name is Tsho Lagan. It is about 50 miles in cir- 
cumference. 

(2) Manasarovar, Trans-Himalaya, Tibet, east of'j 

and about 8 mUes from Rakshas Tal. ?■ 15,098 ft. 
30® N. 81® E. J 

Note.— The lake is so named as it was formed, according to the PurSrias, 
by a mental effort of the god Brahma. Its Tibetan name is Tsho MapSn. 
It lies to the south of Mount Kailds and, like that famous peak, occupies an 
Important place in Hindu mythology. To quote a writer, 'Manasardvar 
formed a beautiful feature of the elysium of the Hindus or the paradise of 
the god Shiva on the Holy Kailas, and is mentioned as one of the four lakes 
from which the gods drink.’ It was at this spot, says the Manasa Khanda 
of the Skanda Puraqa, that King Bhagiratha performed the austerities by 
virtue of which the Holy Ganga (the river Ganges) descended from heaven. 

The lake is nearly oval in shape, narrower in the south than in the north, 
and is about 50 miles in circumference, f.i!., of the sam^extent as Rakshas 
Tal. Its greatest depth is said to be 268 ft. Coveys of wild geese, water- 
17 


18,000 ft. 
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fowl and swans sport on its surface. Pjlgnms visiting these parts bathe in 
its turquoise-blue waters if the weather permits Funous winds often 
sweep across the whole area covered by this lake and RSkshas Tal, with the 
result that their waters heave to and fro a6 in a stormy sea and bg waves 
dash against their banks It then becomes difficult for pilgrims to enter the 
water Sometimes the waves wash fish ashore These are picked op by 
some of the pilgrims who believe In their efficacy in curing diseases. 
Pilgrims take away m small vessels water from ManasarOvar, as they do 
from the Ganges and other sacred rivers. At one corner of the lake the 
water is brackish and the surrounding ground is full of salt incrustauons, as 
is the case with many other lakes in Tibet This fact, along with the 
presence of an extensive senes of manne fossiliferous formations in the 
Tibetan area to the north of the Himalayas, strengthens the geological 
theory that In this land area lay the southern part of an ocean m the 
Palaeozoic and Mesozoic times For further information regarding this 
theory, tide Item 122 

There are two or three Gompas or Buddhist monasteries of the Tibetan 
Lamas on the high banks of ManasarOvar Jiu Gompa is perched on a 
hillock half a mQe north of the lake Near this monastery runs a stream 
about 50 ft wide and 3 ft deep, which m the rainy season becomes a cbansel 
about 4 nuUs long connecting MSoasardvar with Rfikshas Tal 


(3) 

Tsho Zaiing, 31® N. 89® E 

15,125 ft, 

(4) 

Ten^i Nor or Nam cho (*Sky Lake’), 30® N. *1 
90® £., about 150 miles m circumference or r 
ateut 1,000 sq m. m area J 

. 15,190 ft 

(5) 

Tasch Shop, 33' N. 85" E. 

15289 ft 

(6) 

Tsho Tigu, 29" N. 93" E. 

15,485 ft 

(7) 

Schigatai, 35" N. 87" E. 

16240 ft 

(?) 

Antilope Lake, 3^ N, 87" E. 

16,470 ft 


(9) TshoHorpaor Hospa, area 118 sq m, sitaa*1 

ted near the Lingshi plain on the Kashmir r 
frontier, 35” N., 81' 30* E. J 

(10) Tsho Sehum. For particulars see the next Item. 

'SViett! tswse* lakes,. Onl’/ ooas, wbirJt 

ate all situated m Tibet, are mentioned above. 

(99) World’s most elevated Lake— Tsho ) ^ 

^ ^ Sehuru, Tibet, 3CF N. Bff’ E J 

(100) Absolute Limit for the growth of I AbommSOti. 
Vegetation 5 
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Noie.— -After 12,000-13,000 ft vegetation becomes scarcer and scarcer. 
At the high elevation of 3 J miles it occurs only on the drier and less snowy 
mountain slopes of Western Tibet Near a few of the Himalayan passes it 
ascends to about 17,500 ft arounS the lower sides of the adjacent summits. 
But at such elevations vegetation is seen only in the shape of isolated plants 
or thin grass. Proximity to the snowline, that is, the lowest limit of 
; perpetual snow, is an effectual barrier to the growth of vegetation at higher 
levels. 


( 101 ) 


Highest Elevation at which Carnivorous 
Beasts are to be found 


19,000 ft. 


Note. — ^Surgeon-General Balfour states that on the higher slopes of the 
Western Himalayas in the Ladakh Province of Kashmir, up to this elevation, 
are found the snoio leopard and the lynx besides mountain hares and mar- 
mots, and on the plains up to 17,000 ft the wild yak, wild asses, the antelope 
and severalkindsofwild sheep. MajorHingston, the naturalist, saw wild sheep 
and mountain hares wandering in the barren hills on the Tibetan tableland 
at an elevation of 17,000 ft. Referring to the population and fauna of 
Ladakh, a writer remarks ; — ' Not only man, but also creatures under his 
domination — horses, sheep, goats, fowls — are diminutive here, whereas the 
wild animals on the high mountains are of gigantic size.’ 


(102) World’s Altitude Record for Solo'i 

Flights in an Autogyro or Windmill [- i9,ooo ft 
Aeroplane J 

Note.— This record was set up some time between 1931 and May 1932 by 
the aviatrix Mrs. Putnam, the wife of Mr. G. P. Putnaip, the well-known 
American publisher and explorer. 

The Autogyro, or Helicopter as it is also called, was invented some years 
ago by a Spanish airman named Juan de la Cierva. In this type of aeroplane 
the appendages of wings remain on long poles as a pair of balancing flaps, 
and above them, on a mast, are feather-shaped windmill vanes which spin at 
a speed dependent on the speed of the ’plane. In the ordinary aeroplane 
air ‘pockets’ or bumps are felt by the occupants, and air-sickness is some- 
times experienced by passengers. But in the autogyro none of these discom- 
forts are felt as it is self-balancing. Besides, the use of windmill vanes instead 
of wings makes it possible for the machine to rise into the air or land on the 
ground almost vertically. In rising, however, it requires nearly as long a run 
along the ground as an ordinary aeroplane, but in landing it descends gently 
like a parachute, requiring no final run, and so it can land in an area 
measuring less than a tennis-court. Further improvements in the machine 
are being attempted in France and other countries with a view to permit 
of its similarly taking off from a small area. 

One other remarkable achievement of this type of aeroplane is reported. 
An airman named Debroutelle, flying in an autogyro at^he Orly Aerodrome 
in France in September W31, succeeded in keeping the machine stationary 
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at a herght of 1 000 ft. above the aerodrome for fully half an hour He was 
aided to aome extent by the fact that there was only a slight wind The feat 
was witnessed by two representatives of the A6ro Club de France This is 
the first tune that any aircraft has beefi able to remain stationaiy w 
mid air for such a length of time 


(103) ‘Have a care*' warns an unearthly Voice.— 

‘Cethhg ’ or End of One Half of > i 9 140 ft = 

the World’s Air \ 3 m. si 

Note —The air at this altitude Is about one half as dense as at sea level. 


(104) World’s most elevated and most 

terrific Active Volcano— Cotopaxi, '■ 19613 ft. 
Andes Range, Ecuador, South America. 


Note — It IS at the same time the most syrometnca! volcano In the world 
Its crater is over 2 500 ft in diameter 


(105) Altitude which Vertical Air Cur* ') 

rents should reach to produce a \ i5O0O-20W)fL 
Thunder storm J 


Note 


It has been found that thunder storms occur only under condt 
tions which are favourable to vertical air movements on a large 
scale to a height of 15,000 to 20,000 ft The air normally gets colder 
with increase £f altitude, bat if this rate of fall of temperature u 
abnormal, a mass of air at the earth’s surface, warmer than its 
surroundings, goes on rising as its temperature is greater than that 
of the surrounding air at every level, m spite of its own cooling due 
to vertical rise expansion Owing to this effect the temperature 
of the rising mass goes on decreasing until the water vapour content 
IS sufficient to saturate it, when thunder clouds of great tbiclmess 
are formed These clouds vary considerably m height Their base 
may be between 4,600 and 6,000 ft above the ground and their lop 
may he beyond the base of the cirrus clouds Thunder storms are 
generally accompanied by torrents of ram and sometimes by bo'Qi 
hail and ram. 

Thunder clouds produce the phenomena of thunder and lightning 
Lightning is a discharge of atmospheric electncity, accompanied by 
a vivid fl ash of hg^t, generally from one cloud to another, but some- 
times from a cloud to the earth ami occasionally also from fh? earth 
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to a cloud. A shaft or streak of lightning is not a mere brilliant line 
in space. It is a column of intensely heated air driven outwards 
from the path of the electrical dif charge at an initial velocity immen- 
sely greater than that of sound. The report that follows the flash is 
caused by a sudden disturbance of the air below by a violent dis- 
charge of the electricity. As sound travels in air at ordinary temperature 
at a speed of about 1,050 ft. a second, while the passage of light is 
almost instantaneous, an observer can calculate his distance from 
the discharge by watching the interval in seconds between his seeing 
the flash and hearing the report. According to Humphreys, thtmder 
is seldom heard more than 15 miles away, and Sir Napier Shaw states 
that the greatest distance from the discharge at which thunder has 
been heard is 25 miles. 

Lightning is nothing more than a huge electric spark. A streak 
of lightning raises in length from 2,000 ft. to a maximum as 
great as 12j miles! The shorter streaks occur when the discharge 
is from a cloud to the earth or vice versa, and the longer shafts 
when the discharge is from one cloud to another. In the latter cases 
it travels in a tortuous path, and the total length of the shaft in conse- 
quence is considerably greater. 

Various measurements indicate that the duration of a lightning dis- 
charge varies from l/5000thto l/625th of a second ani may occasion- 
ally amount to 1/lOOth of a second. In his Physics ofihe Air, Hum- 
phreys remarks ; — ^'Possibly many discharges are as brief as some of 
these estimates would indicate, but there is ample reason to believe 
that others are much longer. Thus one occasionally sees a streak 
of lightning that lasts fully i second without apparent flicker.’ 

The velocity of thunder-storms varies considerably. Their mean 
velocity per hour, says Humphreys, is in Europe 30-50 km. and in 
the United States 50-65 km. According to the estunates of Dr. C. E, 
P. Brooks, formerly Secretary of the British Meteorological Society, 
over the whole world about 44,000 thunder-storms occur per day, 1,800 
are in progress at agiven moment, and they result in about 100 flashes of 
lightning every second. These storms are more frequent in tropical 
than in other regions, but in desert countries they are exceedingly 
rare. Without taking into consideration the vast uninhabited areas in 
the polar regions, there is no place on the eapth where thunder and 
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lightning lire absolately unknown except the and coastal zone of 
Pem where no rain falls In some parts of tropical Afnca, lightning 
13 seen on more than 200 days m tht year. 

The phenomenon of lightning appears in varions forms dam 
Iightmng, forked lightning, sheet lightning, and ball or globe lightning 
Cham hghtmng consists of a number of flashes repeated withoct 
intermission Forked Ugkttttng is that which flashes in a z^zag 
line or branches like the prongs of a fork Sheet hghintng is a 
diffused glow m the clouds caused by the reflection of light, from 
distant flashes of lightning, by noirer clouds It appears like a 
wide, expanding stream of light illuminating the outhnes of the 
clouds * Like sheet lightning, ever brightening ’ — [Tennyson) Ball 
hghintng is a globe of light often more than a foot m diameter, anij 
is a slow, long continuing discha^e of electricity It floats thioogh 
the air or runs along the ground One writer says that it sometimes 
rebounds like a rubber ball as it strikes the ground, and generally 
bursts with a bright flash and a loud explosion. According to one 
journal, it often eaters houses, floating around with a crackling noise, 
but seldom does harm A rare instance of a fatal encoonter with 
ball lightning, which occurred m 1753, may be mentioned. Professor 
Richmann, a physicist of St Petersburg, bad erected a lightning tod 
leading to his laboratory and was standing near it at a violent thunder 
storm Suddenly there was a flash of lightning, a luminous globe 
sprang from the tip of the rod and struck him on the forehead, kiUing 
him on the spot Ball lightning is the rarest form of Iightmng, and 
of all electrical phenomena is the least understood and is still under 
research 

An extraordinary case of a man’s throat being cut by lightning 
dnnng a heavy thnnder storm is reported from Hamsmith in South 
Africa. Medical evidence revealed that he had been struck by 
Iightmng across the throat He received a deep wonnd in the throat, 
and his clothes were found slightly burnt and torn In July 1932, 
while Professor Ferdinand Dientstl of Vienna was sitting with 
earphones at his wireless experimenting apparatus during a violent 
thunder storm, a shaft of lightning struck the aerial, flashed through 
the circuit and shattered his skull A tailor plying his sewing 
madime next was bouled over and seriously injured, and a 

^vellet In the woods had an arm torn off by the same shaft, 
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The interchange of electricity between the earth’s surface and a 
thnnder-clond is carried on to a great extent by discharges .from 
elevated objects such as Iighl;|dng-rods, church spires and the ridge- 
poles of houses, which have projecting points or angles, and the 
electrical discharge is seen after dark as a faint glow at their tips. 
This phenomenon is observable both on land and at sea. To sailors 
it is known as St, Elmo’s (San Telmo’s) Fire. On ships it is some- 
times seen on dark tempestuous nights as a faint electric flame 
adhering to a projecting object, particularly the mast-head and the 
yard-arms. \\T:en only one flame is seen, it is called Corposant, 
and when two appear, they are known as Castor and Pollux. 

Lightning flashes occur in two colours — blue or red. When St. 
Elmo’s Fire is discharging negative electricity, the lightning is blue, 
but if this discharge is positive, the colour of the flash is red. 

In Popular Science Monthly) of September 1931 appears a graph- 
ic account of an awe-inspiring lightning display witnessed from the 
Alps. Three young scientists of Berlin University had been carrying 
out since about 1929 experiments in drawing electricity from the 
skies at Mt. Generoso in Switzerland, a peak noted for the violence 
of its electric storms. In 1931 they made a record capture during a 
thunder-storm at grave peril to their lives. ‘From the side of 
Generoso's bony -ridged slope’, says the report, 'they^stretchedas an 
aerial a metallic cable across a chasm to a neighbouring peak. 
Threaded through cylinders of galvanized metal, this antenna resem- 
bled a string of beads for a giantess. Its knobs were designed to 
keep the currents from leaping from the ends. Instead, an escape 
was provided in an adjustable spark gap, from which the electricity 
could be carried to a lightning-proof cabin sheathed with metal 
beneath the brow of the mountain. Here were meters and other 
instruments to gauge the force of the electricity.’ One evening the 
experimenters saw a storm of unusual ferocity brewing. Soon the 
whole area was plunged into darkness. Peals of thunder followed. 
The daring scientists made haste with their instrument tests. Then 
with a violent rush of wind up the valley, the storm burst in all its 
fury- ‘Tongues of electric flame played about the rocks of the 
mountain’s face near the summit. Filled with metallic ore, it was a 
natural lightning-rod. Great yellow sparks snapped every second 
across the spark gap. The pointers of the voltmeters within the 
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cabin were doing a dance Then came a brief lull, ominous la Us 
calm. Suddenly a terrific thunder clap seemed to shake the whole 
mountain The valley was ht up as^y a milhon arc l^hts and fan 
tastic reflections danced over the white faces of the scientists A 
bolt of flame crashed across the spark gap ’ For the first time m 
the history of science was captured a thunder bolt of 18 million 
volts I A part of the apparalns used m the Generoso tests 
was a * strange network des®Qed to carry the enormous voltage 
to the laboratory, where the scientists waited in danger of instant 
death ’ Even greater voltages up to 30 million are said to be in 
sight It may be mentioned that the highest electrical tension pro 
duced in a laboratory is 10 million volts 

What may be the ultimate object of these repeated experiments 
which involve playing with death ? While it is possible that these 
physiasts are only studying the phenomena of atmospheric electn 
city lu greater detail than has been done hitherto lo order to add to 
the world s knowledge on the subject, it is difficult to believe that 
they have sot a higher end m view, but until fuller information 
regarding these experiments is forthcoming, it is premature to make 
any definite conjecture on the point 

The artificial prodnction of 10 million voltage above referred to 
was achieved m the summer of 1932 at the High Voltage Engineer 
ing Laboratory attached to the General Electnc Company’s 
Works at Pittsfield, USA It is said that its production was at 
companied by a thunderous crash The machine which produced 
this man made lightmng discharge of unprecedented voltage was 
designed by Mr F W Peek (jr ), the Chief Engmeer of the 
I.aboratory, and has been developed under his direction The mas 
mom current delivered during discharge after the air resistance has 
been broken down is 50,000 amperes It is not known yet to what 
uses this artificial high voltage discharge can be pot hereafter For 
the present it is to be used for the modest purpose of research on 
natural lightning, the effects of which It can approximate more 
closely tVian has hitherto been possible But powerful as this new 
apparatus is, its discharge amounts to only a fraction of that of real 
lightning, for the highest voltage of a natural lightning discharge is 
100 million and the discharges may have a maximum amperage 
of 100,000, ' 
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A short explanation may now be given as to how the electricity 
in a thander-storm originates. In thunder-storms there is a strong 
vertical current of air, whose ^elocity in the centre or core of the 
dond often exceeds 8 metres ( 26 ft. 3 in. ) per second. In conse- 
quence rain-drops, whether large or small, are blown upward and 
broken into droplets in the core. They then coalesce again and fall, 
but are once again blown upward and broken up. From observations 
of these strange processes in thunder-storms, made during the first 
decade of this century. Dr. G. C. Simpson, then an ofiicer of the 
Indian Meteorological Department and now Director of the British 
Meteorological Office, was led to consider that the generation of 
electricity in a thunder-storm must in some way be connected with 
the breaking of the rain-drops. He accordingly reproduced the pro- 
cesses in the laboratory of the Meteorological Office at Simla in 
1908-10 and made the remarkable discovery that, as the water-drops 
broke up in a vertical blast of air, they became charged with positive 
electricity and the air with negative electricity. According to these 
experiments, then, the core of a thunder-cloud should have a distri- 
bufion of positive charge, and the negative charge would be carried 
by the air current, both at the front and rear of the cloud as 
well as above. 

In two papers published respectively in the Quarterly Journal 
of the Royal Meteorological Society, Vol. LVI, July 1930, and the 
Philosophical Transactions ojthe Royal Society, Vol. 231, 1932, Dr. 
Banerji has shown, as the result of extensive observations carried 
out by him at the Colaba Observatory at Bombay of overhead thun- 
der-clouds, that they can be classified into two distinct types which 
he calls ‘unitary type’ and ‘double type’. He has found that in a 
moving thunder-cloud of the former type the front part has a distri- 
bution of negative charge, the core one of positive charge and the 
rear that of negative charge. In a thunder-cloud of the double type 
this sequence is repeated. The lightning discharges originate in the 
region of the central positive charge and extend to the negative 
charge above or that at the front or rear of the cloud. Sometimes 
the discharges may also occur between the positively or negatively 
charged portions of the cloud and the positively induced charge over 
the earth’s surface. Banerji’s investigations therefore support the 
‘breaking-drop’ theory of the origin of electricity m thunder-storms. 

18 
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Observations show that the earth’s surface js not electrically 
neutral but has a small etcess of n^ative charge. It has also been 
found that a feeble positive electric c^ent continuously passes from 
the au: into the earth. Unless there was some agency for Tna. ntfup 
ing this charge, the air earth current would neutralize it m a few 
minutes. For its mamtenance therefore, it is necessary that the 
earth’s charge should be replenished at the rate of 1,000 ampferes at 
a time. Banerji’s observations surest that, on the average, thonaer 
storms transfer to the earth’s snrface a larger amount of negative 
electricity than positive Considering that at a given moment there 
are about 1,800 thunder-storms in pri^ess over the whole world, a 
larger amount of negative electricity is probably transferred m this 
way to the earth's surface and maintains its negative charge. 

When lightning strikes a loose sandhill, the sand along the path 
of Its discharge below the surface is sometimes fused mto a glassy 
tube-shaped ‘.formation called /«/g«n/is (Lat. /iJgur, lightning) 
These vitnfied tubes are sometimes nearly half an inch m diameter 
and are more common lu dry sands When vertical, as is often the 
case, they run for several feet underground, sometimes branching 
and forming a fulgurite tree beneath the sand When a tree is struck 
by a powerful shaft of lightning, the amount of steam generated by its 
passage through the live tissues is at times so great that the whole 
tree is blown to* pieces. The destructive power of lightning, as is 
well known, is terrible. Forest fires are often due to it In 1926 it 
set ablaze oil tanks in the Californian oil fields, causing a loss of 20 
million dollars. The most destructive lightmng on record is probably 
that which occurred on 10th July 1926 at the Naval Amm u n ition 
Depht at Lake Denmark, New Jersey, U. S. A. It was followed by 
a succession of explosions which resulted in the death of 31 persons 
and injury to hundreds and damage to property estimated at 93 
million dollars. 

(106) Lowest Altitude of Cirrus Clouds— ? 20000 ft. 

the highest of all forms of cloud S 

Note —These are thin and wispy, generally white m colour, and looking 
eometimes like carded wool, eometimes like a brush or broom, and sometimes 
hke curly or fleecy patches They are often popularly called ‘cat's whiskers 
or ‘mare’s tails’. They are fonnrf at the higher levels of the atmosphere 
where the temperatffree are excessively tow, usually - 22° to *■ 58° F. (-30° W 
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-50°C),and they are consequentiy tenuous. At snch altitudes the water-vapour 
content of the air is very small, hut even this littie in most cases condenses 
to form minute icy needles or crystals, or sometimes tiny snow-flakes. 
Practically all the other douds aJe composed of droplets of water. Cirrus 
douds may be seen floating above the top of high mountains. In tropical 
latitudes, thunder-douds sometimes reach the level of the cirrus. When seen 
in wet weather, cirrus clouds will be found transformed into cirro-stratus! 


(107) Highest Elevation at which a Beast 'j 

has been found to live wnthout harm- j- 20.000 ft. 
ful effects J 

Note. — Capt. J. B. L. Noel saj-s that the 'slow-moving, grunting yak, the 
os of Central Asia’ can live at this elevation. He remarks that it dies if 
brought down too quickly even to S,000 ft. above sea level. 


(108) Point at which Altitude Flier gene- 1 onnnnff 
rally begins to use oxygen J 

Note. — Owing to the low density of the air at such a level it usually 
becomes necessary for the aviator to breathe artificial osygen, for which 
purpose he carries osygen apparatus. Some fliers commence its use at a few 
thousand feet lower. 


(109) Most elevated Mountain Peak in 

North America— Mt. McKinley in h 
the Alaskan Range 


20,300 ft. 


Note.— The mostimportant feature of this peak is that, with the escepUon 
ofMaunaKea (Hawaii Islands), it rises to a greater heighi above the sur- 
rounding coimtry than any other mountain in the world. 


(110) Highest Elevation at wMch Tracks 
of Beasts have been noticed 


} 


Over 21,000 ft. 


Note,— The tracks of mountain hares and foxes have been seen at this 
elevation by Col. Howard Biny during one of the Everest expeditions. 

(Ill) Greatest Height at which the noise I ^ 
of a railway train has been heard J 

Note.— As early as the sixties of the last century it was found by the 
aeronaut, James Glaisher, by means of repeated balloon ascents in England, 
that terrestrial sounds were more or less audible according to the amount of 
moisture in the air. In one of these ascents the balloonist heard the noise of 
a railway train when he was in douds at a height of 4 nules, bat no sounds 
reached his ears at the same height on another occaaon when the douds 
weife far below him. The explanation for the variation in the audibility of 
sound in this case is that the lesser the density of the Mseoas medium, the 
greater is the velocity of sound in it. Thus in hydrogen, tne lightest of gases. 
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sound has been found to travel at 4,166 ft a second whfle in caibomc acid 
gas whichisaboutone and a half times heavier than air the speed « as low 
ae E13 fL Now moist air is only a mixture of dry air and water vapour Ths 
latter is lighter than dry air in the ratio ft approximately 9 to 14 4 Conse 
quently, the larger the proportion of moisture m the air the faster does sound 
travel One important factor which governs the velocity of sound m a r is 
temperature The velocity decreases about 1 foot per second for each degree 
F fall in temperature At 60® F the speed has been found to be about 1 033 
ft. a second At a height of 4 nsiles where the temperature would be cons de 
rably lower (varymg with latitude) the speed would be correspondingly less 
In the present case the decrease lo speed due to fall in temperature must 
have been more than made up by the increase in speed due to the presence 
of a lai^e quantity of moisture m the air 

(112) Highest Elevation at which Winged 

Insects have been seen j 

Note —Bees moths and butterflies were seen at 21 000 ft on Mt Everest 
by the naturalist Hiogston dunog one of the Everest expeditions and a 
butterfly was seen at 21 500 ft on Mt Kamet by the Kdmet Expedidoa 
of 1931 

(113) Highest Elevation at which a Bird’s 1 

Nest has been found S 

Note— Noel mentions having seen a crow's nest at this elevation on 
Everest 

(114) Holy Mount Kailas, Himalayas, Tibet, ) 

nortltof Lake Mansarovar J 

Note 

According to Hindu mythology, Kailas is the abode of the god 
Shiva, and also of KubSra, the god of riches A Kumbha M^Ia or 
religious assembl^e of ascetics and other pilgnms, who mclnde 
Buddhist monks of Tibet, is held a few thousand feet below the 
crest of this peak once in twelve years The place is particularly 
difficult of access to pilgrims from India, who have to travel hnn 
dceda at milea frequantly accoas tugged hills and at later stages 
have to cross high passes Unlike the Kfidamath and Badnnath 
routes, there are no rest bouses on the way The paths ate often 
narrow and steep, being ascents and descents lying buried m snow 
In places the snow may be knee deep and occasionally thigh deep 
Where the paths are steep and narrow, the laden mules and yahs 
sometimes miss tlJSir footing and go rolling down the hillside to 
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their doom. Certain portions of the route have to be covered on 
foot alone and, at some places where the track is barely more than 
two feet wide, crawling on al\ fours becomes ad\TsabIe. The cli- 
matic conditions of the region cause serious discomfort and hard- 
ships, The high elevations and consequent rarefied air make the 
pilgrims breathe hard during a considerable part of the journey. In 
a few days the face, hands and other exposed parts of the body 
become dark, the skin begins to crack and vaseline or other unguent 
has to be constantly used. On the Tibetan side, owing to the 
absence of trees and shade, the glare of the sun is so intense that 
the pilgrims have to use goggles. 

The majority of pilgrims travel via Almora, U, P. For the first 
few days the route lies through dense forests. Scorpions and leeches 
invade the camps, especially when it rains. The first place of any 
importance reached is Dharachal, 90 miles from Almora. The next 
camping place is Kh61a, and it is here that the real climb of the 
Himalayas begins. Among the few inhabited places met with during 
the next few days are a fine temple and a lamaserj% 12 miles south 
of a place called Malipa; Garbayang (11,000 ft), a village which 
contains about 150 houses, a school and a post office; Thakalkote, 
the seat of the Tibetan Governor or Jongapan. The next halt is 
made at Kalpani, a sacred place at the foot of a hill,^where a spring 
gushes out. After Thakalkote the path throughout lies at elevations 
of 14,000 to 16,000 ft The region is absolutely desolate. In the 
distance rise, tier above tier, lofty peaks clad in eternal snow, the 
most pictaresque being Gnrla Mandhata. On crossing the Gnrla 
Pass the pilgrims catch the first glimpse of the holy peak of Kailas. 
Shortly afterwards the lakes of Rakshas Tal and Manasarovar are 
reached. In Iceland, owing to the clear atmosphere, visibility is so 
great that the outlines of mountains even 100 miles away are dis- 
tinctly seen. For a similar reason, in these parts too, very distant 
objects seem to be quite close. 

About 20 miles off Manasarovar is a place called Dharchin 
(14,500 ft,), the first Buddhist monastery at the foot of Kailas, 
where the pilgrims rest for the m'ght. The Tibetans regard this peak 
with the same veneration as the Hindus do. From Dharchin the 
pilgrims start the next morning on s.parikrama or^ircumambulation 
of the Holy hlount, a journey of over 30 miles round it, which 



142 


WONDERFUL UNIVERSE 


ordinarily takes two days, thoogh the hardier of them are able to do 
it m one day They have to march a long distance through a ravine 
at the foot of the mountain There j^e two lamaseries on the way 
round After a good deal of ardoous climbing over glaciers, the 
pilgrims reach the head of the Dolma Pass where lies the actual 
place of worship, Gaurikunda, a small lake, the second most elevated 
in the world, abont 18,200 ft above the sea. It is abont 300 ft tai^ 
and 150 ft broad and its surface is frozen all the year round It le 
bounded on three sides by almost perpendicular masses of Ice Its 
border presents a transparent green colour Gaurikunda is the 
loftiest place of pilgrimage in the world. It is nnhearably cold here 
and the air being rarefied — neatly one half as dense as at sea level 
respiration is attended with discomfort The pilgrims break the 
surface of the lake with an alpenstock or by stone throwing and 
take out water for their ablutions and prayers In rare cases, a 
daring devotee ventures to take a dip and immediately comes out 
shivering all over Few prolong their stay at this extremely cold 
place beyond an hour or so, and pilgrims depart immediately alter 
performing their rites and ceremonies They return to D^rchm 
down steep snow covered paths Here ends the pilgrimage 

It may be asked how it is that on great mountain heights where 
the distance of the sun is reduced by a few miles it is much colder 
instead of bein|’ vrarmer than m the valleys down below or at sea 
level Our globe takes up beat from the sun and then radiates it 
back into its vast gaseous envelope, the atmosphere The layers of 
air nearest to the surface of the earth are warmed mainly by this 
yadiated heat, and the farther up the layers of air, the less wOl be 
the -amount of such heat absorbed by them Consequently, the 
higher a place is above sea level, the lower will be the temperature 
there, until after a certain elevation, which vanes with latitude, the 
drop m temperature causes the mountain to be mantled m perpetual 
sinnjv. IhhaS- heen-fonncL that., on- mniintaim!., tha teraijeratnre of 
the air falls at the rate of about C for every 590 feet increase 
of elevation 

Swami Deshikananda of the Shri Ramakrishna Mission, who 
has visited Kailas and to whom we owe much of our information, 
tells us that its top is a gigantic ^me of ice The last M^la at 
Kailas was hel^ July September 1930 During this period pil 
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grims came ia parties from time to time and retnmed after per- 
forming their rites and ceremonies at Ganrikunda and completing a 
circuit of the peak. 

The Maharaja of Mysore made a pilgrimage to the sacred lake 
of Manasarovar and this Holy Mount in July 1931. 

The name Kailas has a special meaning in the Tibetan language, 
viz., ‘icy’ or ‘crystalline’. It is pronounced as Kilas, a compound 
word, Ke meaning ‘ water ', and las ‘ to shine’. The Tibetans call 
this peak by the name of K61as Gangri, meaning ‘icy mountain ’, or 
Kang-Rimpoche. 

The Indus has its source in the western glaciers of Kailas, and 
the Sutlej, one of its principal tributaries, rises in its southern 
glaciers. 


(IIS) Snowline in different parts of 
the World 


j- Sea level to 22,000 ft. 


Note. — The snowline at about 75® N. or S. latitude is at sea level ; in 
Lapland, at an elevation of about 4,000 ft. ; in the Alps, at about 9,000 ft.; 
on the east side of the equatorial Andes, at about 16,000 ft. ; on the west 
side of the equatorial Andes, at about 18,500 ft. ; on the side of the Hi- 
malayas facing India : varying from about 14,000 ft, on the eastern part of 
the range to 19,000 ft. on the western ; on the side of the chain facing 
Tibet: varying from about 17,000 ft. to 22,000 ft east to west 


( 116 ) 


Highest Elevation at which any living 
creature has been found to dwell 


Note. — ^The tiny Attid Spider described by one writer as ‘a minute and 
incongruous black spider’ , and the Carabid Beetle, which have been found 
on Mt Everest are the only two creatures dwelling at such a high ele- 
vation. Many writers give the elevation as 24,000 ft, but we are accepting 
Noel’s figure, as he gives an almost detailed account of everything 
discovered during the Everest expeditions. 

Commenting on the discovery of animal life in such inhospitable regi- 
ons, the naturalist Kingston exclaims : — ^‘How relentless is the force of Nature 

to spread into every comer of the earth ! I saw h'fe thriving in 

ice pools, glacial crevasses and rock-bound mountain passes. ' 

The reader has now had some picture of animal life — 'On the earth’s land 
surface at as high an elevation as 22,000 ft, and in the ocean at as great 
a depth as 24,000 ft I The land creatures mentioned above live under a 
pressure of less than half an atmosphere, while the marine creatures support 
a pressure of about 724 atmospheres, nearly 1,500 times as much ! And 
between the two is a variation in vertical distance of nearly 9 miles. Won- 
drous indeed are the dispositions of Nature I • 
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(117) World's most elevated Extinct Vol- 1 
cano— Aconcagua, the highest peak V 23 /) 8 o ii 
of the Andes Range, South America J 

Note— The summit of this peak wdS first reached by mountaineers 
jQ 1897. 

(118) Highest Altitude at which a Giant I 

Bird has been seen flying } (herst cw e. 

Note —It IS the Lammergeyer or Bearded Vulture, a large bird of prey 
inhabiting the Pyrenees and the higher mountains of Africa and Asii It 
measures nearly 4 ft. from beak to tail, and has a wing spread of 10 fL Be- 
sides eating camon, it preys on living animals like chamois, lambs, kids and 
hares 

The above altitude record is taken from the ‘Report on Natural History’ 
by Dr T G LongstaS appended to Tfu Assault on Mount Everest, 1922 bj 
Brig General C G Bruce and other members of the expedition 

Not less remarkable is the record of another great bird, a ‘super-giaat’ 
compared with the Lammergeyer It is the Condor, one of the largest known 
species of the vulture family, found commonly in the most elevated parts of 
the Andes Mountains Its greatest expanse of wing is about 14 ft, tBs 
average being 8 to 9 ft From their lofty haunts these birds descend to tbs 
plains only when driven by hunger, and then in pairs they successfully atbck 
sh^ep, goats, deer and other animals, though as a rule they prefer to feed M 
camon The explorer, Humboldt, reports having seen a condor flymg nstf 
the summit of Aconcagua at an altitude of 22,000 ft 

(119) Altitude of Cirro Cumulus Clouds 20 , 000 - 25,000 ft 

Note — Thessare small, pure while, rounded clouds arranged in groups 
and often m lines. They often occur to warm dry weather. 

(120) Absolute Limit to which the best of "I 

Airmen can fly and retain conscious-) 25,000 ft 
ness without using oxygen J 

(121) Highest Camp established in Moun- I 

tameering tvtthout resort to oxygen— ) dn- 
in the 2nd Everest Expedition } 

(122) Highest Elevation at which Fossils have } 25000 ft 

'deen'iounb J 


Note 

Fossils were discovered at this high elevation on Mt. Everest by 
Mr. N. E. Odell, a geologist who accompanied the climbing party at 
the last Everest expedition of 1924. The commonly accepted theory 
about the fonnatSn 0 ! tbe Himalayas is that, till towards tbeimMe 
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of the Eocene or first period of the Tertiary Era in geologic chrono- 
logy, t. e., till about 35 million years ago, the entire area now 
occupied by this lofty range la^ under a shallow, land-locked ocean 
with'a soft, sinking bed, which covered most of Asia during Palaeo- 
zoic and Mesozoic times. South of this ocean which has been 
named the Tethys Sea, was the Salt Range of the Punjab, which 
now lies some 80 miles south of the Himalayas, Till some time 
during the Silurian or third period of the Palaeozoic Age, the area 
covered by what is now the Salt Range lay under the Tethys Sea, 
but during that period the sea retreated northward and this area 
became dry land. By middle Eocene the Salt Range had become 
covered with glaciers and in those times formed the northern margin of 
the primeval continent of Gondwana Land. The rivers of this continent 
flowed northward into the Tethys Sea and poured into it their load 
of silt and other detritus. These sedimentary deposits went on 
accumulating and preserved within them large quantities of fossils, 
the organic remains of the marine animals of that period. About 
the middle Eocene certain forces, directed from the northern side and 
possibly generated by a violent crumpling of the earth’s crust, began 
to push and squeeze the soft bottom of the Tethys Sea, but the 
Deccan tableland which formed part of Gondwana Land arrested the 
further advance of these forces. As the result of these tremendous 
pressures the floor of the sea was forced upward, jftid the material 
thus elevated formed the Central Zone of the Himalayas. After a 
comparative lull extending over about 10 million years, in the middle 
of the Miocene or second period of the Tertiary Era, came another 
upheaval which formed the Lesser Himalayas and also raised the 
Central Zone further up. This second upheaval was followed by 
another prolonged lull which lasted about 6 million years. Then 
came the third and last upheaval, which brought up the Outer Hima- 
layas or the Siwaliks and re-settled both the Central Zone and the 
Lesser Himalayas at stiU higher elevations. It thus took about 16 
million years for the whole process of elevation which culminated in 
the formation of this mighty range, the last upheaval having taken 
place some 19 million years ago. The Himalayas contain in their 
folds deposits of successive ages, and in the Tibetan Zone fossiliferous 
strata of the -Primary and Secondary Epochs are largely developed. 
The fact that strata of marine origin are found foJhiing part of this 
19 
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clnm at high levels goes to support the theory of Its oceanic origin. 
The Dyhrenfarth Expedition to Kangchenjanga is reported to Javj 
collected new evidence testifying to t^e accuracy of this theory The 
fossils found some 4,000 ft below the summit of Everest are slated 
to be of marine oiigm belonging to an age over 100 milling 
years ago 

Gondwana derives its name from the aboriginal hill tribes, the 
Gonds o! Centranndia.3nmoderngeographyit applies to the Amara 
fcantak plateau ( 400 miles by 280 ), a part of which hes m the 
north east of Central Provinces A description of Amarakantak is 
given in the Matsya Parana, the t6th of the 18 Purapas, It 
formed part of the ancient Province of Kahnga and is described 
as that part of the Viodh)^ which is near the source of the nver 
Narmada The Vindhya monntain itself is sometunes referred to 
as Jalabalaka ( Son of Water ), a name which at once suggests 
the geological history of the range In his remarks on the deposits 
of the Vmdhyan region, Professor Wadia says — 

* The epeirogemc upheaval which lifted up the Vmdhyan deposits from 
the floor of the eea to form a continental land area was the last senous eart& 
movement recorded in the history of the Peninsula The differecce in 

petrological characters m the Vmdbyan system denotes a fundamental differ 
ence of physical geography viz , the prevalence of a deep sea during the 
earlier history of^he formation and its shallowing at the time wheDtheoR* 
per part of the system was deposited ' 

The name Jalabalaka therefore brings oat significantly what must 
be a fact — that our ancients knew the origin and evolution of 
the Vindhya monntaina But how far their knowledge of the 
get^raphical evolution of India extended is a subject beyond the 
scope of the present work 

(123) Apex of Cumulo Nimbus Clouds ... ES/wft. 

Note ~Tbe8e douds are massed m the form of huge mountains Their 
base lies 4 600 to 6,000 ft. above the ground and though generally their top 
Is at 25000 ft , the highest occasionally reach the boundary of the Tropo- 
sphere 

(124) Loftiest Himalayan Summit reached by| 25 « 7 ft. 
man so far— that of Mt KSmet in Garhwm J 

Note — KSmet is situated more than EOO miles west of Mt Everest and 
570 north weS of Kangchenjui^ It enjoys much more equable 
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ther than either of these two peaks. Its summit was reached in June 1931 by 
a small British Himalayan Expedition led by Mr. F. S. Smythe, who was a 
member of the last Dyhrenfnrth Expedition toKangchenjunga. The feat was 
achieved practically without the use of oxygen. Several unsuccessful at- 
tempts had been previously made to conquer KSmet 

Smythe describes the panoramic view from the top as follows : — 

* We were too far above the world ; one’s eye passed almost contemp- 
tuously over mighty range upon mighty range to seek repose in the violent 
hazes of iUimitable horizons. Even the turreted thunder-clouds, sun-crested 
above, purple-shadowed below, would not attain to our level. The breeze 
fanning us was deathly cold, the silence and sense of isolation almost terri- 
ble. There were no green valleys ; all about us were peaks of black rock 
and glaring ice and snow, frozen outposts of the Infinite. ’ 

The two other lofty peaks of the Himalayas completely scaled before Ka- 
met were Trishul (23,403 ft.), whose summit was reached in 1907 by Dr. T. 
G. Longstaff of the pioneer Himalayan party organized by Mr, A. L. Mumm, 
Secretary of the Alpine Club, and Jongsong La (24,340 ft) which was climbed 
completely on 3rd June 1930 by Hormin and Schneider, two members of the 
Kfingchenjunga Expedition of that year, and two dayslater by Smythe in 
company with another. 

(125) World’s Altitude Record for Para- 
chute Jumps, J.C., greatest height 
above ground from which an air- 
man has made a parachute leap 
from aircraft and landed safely 

Note 

This record jump was made by the French pilot Rfene Mache- 
mnd near Etampes, south of Paris, about June 1932. The sealed 
instruments carried by the aeroplane registered an altitude of 7,780 
metres (25,525 ft.). He floated down through the clouds to a 
spot about 25 miles south-east of Etampes and made a perfect land- 
ing 23 minutes after leaving the machine. His average speed of des- 
cent was thus ISJ ft. per second or 1,110 ft. a minute. 

A parachute leap from a great height is a sensational feat. With 
the closed parachute harnessed to his body, the airman steps out 
into the void. He plunges headlong into space, just as a swimmer 
takes a header into water. Sometimes for the thrill of it he does 
not pull the release ring until he has dropped like a stone a few 
thousand feet, turning a series of somersaults during the fall! The 
world’s record for such a drop is about a mile, a distance which 


25,525 ft 





WONDERFUL UNIVERSE 

■would take 18 seconds to fall through On rare occasions, owing 
to defect m its construction, a parachute fails to open, which means 
certain and speedy death but such gtCat care is taken nowadays in 
its construction that the apparatus has come to be regarded as the 
life buoy of the skies Most of the accidents are due to the mej 
perienced jumper pulling the np cord before he gets well clear of 
the aeroplane and his parachute fouling the machine m consequence 
When a parachutist plans a leap from an altitude of over 
20,000 ft , he carries oxj-gen equipment During descent from a high 
altitude he often delights m taking photc^aphs of himself or of 
objects on the ground or in broadcasting his sensations by means 
of a portable transmitter which he carries When 6 to 10 feet 
from the ground, the parachute jumper usually comes down like a 
stone — one airman says it is like jumping from a wall — and on 
landing, he is often dragged along the ground by the expanded en™ 
lope for some distance, especially when a strong wind is blowing 
In 1925 an Army parachutist m America made an exciting and 
successful jump from a height of 4,820 ft blindfolded, shackled and 
manacled, to show that ao airman, if wounded in an aerial battle to 
the point of helplessness, could yet land safely by parachute 
A parachute jumper in America had a novel experience in 1928 
He leaped froimau aeroplane and was caught in a powerful rising 
air current He remained suspended, practically motionless, 2,000 ft 
above the ground For two minutes it looked as if he was doomed to 
stay in mid air indefinitely It was his first jump He was wondenng 
what to do next, when luckily the updraft slackened and he descend 
ed to earth at the record speed of 3 feet a second I 

A dare devil parachute hero of the screen in America, tired of 
floating down from the skies in a parachute and landmg withont 
adventure, became curious to find out how it would feel to be blown 
over the edge of a cliff 200 ft above the sea He got a powerful 
wind machme of the kind used in the studios for producing artidciaf 
storms and fixed it at the top of a cliff near Santa Monica on the 
Californian coast He spread out a parachute on the ground pointing 
m the direction of the wind machine, strapped himself m and turned 
the air on The envelope filled, and when it became inflated like a 
balloon, the paracfcite along with the bold and curions experimenter 
^iled over the cliff at a speed of 40 mijes an hour, The parachute 
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righted itself and -provided the flier with the fresh thrill for which • 
he was thirsting. 

In 1930 the famous Americ%n airman, -Bert White, made a para- ^ 
chute jump from a height of 25,000 ft. He took half an hour to descend 
and, although he carried oxygen equipment, he became unconscious 
on the way, lost a glove and had one hand frozen in consequence. 
When nearing the earth, he regained consciousness and released an 
auxiliary parachute to relieve the strain, 

■ An ingenious device to save passengers when an aeroplane is in 
difficulties was recently demonstrated at Santa Ana in California, 
when four men were ‘ parachuted ' from a cabin monoplane from a 
height of 4,000 ft. The pilot pulled a lever, when two of the passengers 
along with the seats they were occupying were swung outwards through 
doors in the sides of the fuselage and dropped into space, while parachu- 
tes, carried under the seats, automatically opened out above their heads. 
The pilot then pulled a second lever, and the remaining two passen- 
gers were similarly ‘jettisoned’. All the four floated down safely to 
the ground, still sitting on their seats 1 The doors in the fuselage 
automatically open when the lever is pulled. Davits swing outward 
with each seat and an automatic grip drops the seat with its occu- 
pant once it gets clear of the ’plane. As the device begins to 
operate, a metal hand gently slips round the waist of the passenger 
by way of reassuring him. Another novel device, apparently meant 
for pilots in solo flights when the ’plane is falling or is on fire, was 
exhibited at Cologne by a German inventor in 1928, It is intended 
to avert the danger of the parachute fouling the aeroplane as the 
airman jumps out. This device is a compressed-air gun which lifts 
the pilot bodily from his cockpit and catapults him with his para- 
chute 30 feet clear of the machine ! He pulls a hand trigger, and he 
is shot out into space like a projectile. 

In America, in 1928 a successful delivery of typewriters was 
made from an aeroplane in flight, by means of the parachute. They 
had been carefully packed in a special crate to prevent damage by 
jarring, and when landed were found to be in a perfect condition. 
Experiments in landing packages by parachute are, it is reported, 
also being conducted by the British Air Ministry, 

During the last few years experiments have jjeen made, espe- 
cially iq England and America, towards developing the parachute 
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for military purposes In 1929, at the American Army manoeavres, 
a machme gun with its crew of three men was landed by parachule 
from a military aeroplane, and they set up their weapon and got it 
into action in three minutes A detachable parachute cabin for 
troop carrying machines has been built and tested in Er^land. 
When perfected, it can land a squad at a time from mid air Ths 
pilot pulls a lever, and immediately a small parachute is catapulted 
by compressed air and releases a larger one This in torn exerts 
sufficient force to drag mto the open air a gunt parachnte which 
lifts the entire cabm off the 'plane and brings it gently to earth, 
shoch absorbers breaking its fall As soon as the cabm has left th* 
•plane, the machine returns to its base for another cabin In tie 
United States trials have been made, with promising resnlts, of 
parachutes designed to bring a whole aeroplane with its occoinnts 
safely to the ground in an emergen^. At one of these truUs a pilot 
took a la^e machme np, released a huge parachute 65 ft. m dia 
meter, and then jumped out wiUi his own parachute, allowing the 
'plane to come down. The trial proved a success, thoogh the 
undercamage sustained slight damage 

Japanese women are said to be more 'air minded than many cl 
their European sisters This is because they receive from their 
Government every encouragement possible They receive theirtrain 
mg in the vario&s aviation schools in the country They are among 
the pioneer women m the world to enter the field of commercial 
flying These aviatnces come from diffeient classes There are among 
them girls belongiog to well to do families, graduates and school 
students 

MissMiyoko Niyamon, a young lady known as the ‘Para 
chute Girl', caused a sensation m Japan m 1931 by being the firet 
Japanese woman to attempt a parachute leap In order to test a para 
chute specially equipped to float on water on alight mg, she subseqnently 
exhibited her skill and daring by making a leap from an aeroplane 
from a height of more than 13,000 ft into the sea off Tokyo Bay 
This IS reported to be a record jump in Japanese aviation Mtss 
Niyamon is planning to organize a parachute manuhictarmg concern 
m Japan 

It IS mterestug to learn that the parachute was known, though 
in a cruder form, m {he kingdom of Siam long before Us iDvention 



tAND SURFACE & LOWER TROPOSPHERE 


in Europe. In his Hisiory of Siam pnblished more than two centa- 
ries ago, Father Lonb^re, who visited the conntry as the ambassador 
-of Lonis XIV of France, give| an accotmt of a Siamese frequently 
diverting the royal family by taking prodigious leaps from a tower 
with the aid of two specially-made ‘umbrellas’ fastened to his girdle. 
The sacred books of the Siamese also mention that in ancient times, 
at ceremonies attending the coming of age of the son of a ruler, trained 
men used to jump from the top of a bamboo tower with the help of 
mnbrella-like contrivances with bent bamboo handles which were 
fastened to their sash-belts. 

That India is leagues behind other countries in action is shown 
by the single fact that the first parachute jump in this cotmtry was 
made as recently as 9th March 1930. It was made at the Juhu flying 
ground near Bombay, and even then it was two British airmen of 
the Bombay Flying Club who made the descent. 

( 126 ) Altitude of Cirro-Stratus Clouds ... 25 , aw ft. 

Note. — These are thin sheets of whitish cloud, intermediate between 
the cirrus and the stratus, which sometimes cover the sky completely, 
giving it a milky api)earance, and at other times present a fibrous structure. 
They generally consist of minute ice crystals and often cause haloes round 
the sun and moon. 

( 127 ) Height of the ‘ Homogeneous ) 26,400ft.=5 imies 

Atmosphere’ } Br., 1929) 

Note.— This means that 'if the density of the atmosphere remained 
uniform throughout with the same value as at the earth’s surface, the air 
would form a layer only 8 km. ( 5 miles ) thick, and this is sometimes 
called “ Height of the Homogeneous Atmosphere". ' 

( 128 ) Highest Camp established in Moun-) 25300 ft 

taineering mth resort to oxygen J 

Note. — Tius camp was put up by Finch and Bruce in the 2nd Everest 
Expedition of 1922. 

( 129 ) India’s Loftiest Peak— Nanga Parbat,) 26629 ft. 

Himalayas, Kashmir J 

Note.— Yet it is probably only the twelfth loftiest peak in the world. 
It rises in lonely and majestic splendour at the westernmost edge of the 
Himalayas, dominating the landscape. 'Nanga Parbat’ means ‘Naked 
Mountain ’, and the peak is probably so named owing to the bareness of its 
heights. * 
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(130) World’s Elevation Record for Load* I 
carrying up Mountain Heights j ‘^®»o«>'26 800 ft 

Note — Dunog one of the three atteoipts made on Everest In 1922 * 
yoring Gurkha non commissjoned officer of the 6th Gurkha RiSes nain M 
Naik T6jbir Bura earned a load of spare oxygen reservojra— one wnter 
mentions their weight as 50 lbs —to 26 000 fL At the 1924 expedition three 
porters earned loads to 26^00 ft In both these cases the climbers relied oa 
their inherent powers of acclimatization and made their ascent without the 
aid of oxygen 

(131) Highest Altitude at which a Bird has! 

been seen flying J 

Note 

A crow xvas seen flying near the summit of Everest by tha 
climbing party in 1924 It is a wonder how the lammergeyer, lha 
condor, the eagle and other birds of prey, as also the crow bear the 
changes of high altitude withoot the least ill eflect Their eyes, 
skin, wtngs and breathing apparatus must be peculiarly constituted 
to enable them to stand these conditions It is not all birds that can 
do so In one of bis balloon ascents referred to in Item 111, the 
one made on 5th September 1862, Glaisber had taken six pigeons 
up This IS how he narrates their adventures — 

* One was thrown out at a height of 3 miles, when it extended its wings 
and dropped as a^piece of paper, a second at 4 miles, flew vigorously roniul 
and round, apparently taking a dip each time a third was thrown out between 
4 and 5 miles, and it fell downwarisasastone, a fourth was thrown out at 4 
miles on descending, it flew In acircle, and shortly alighted oa the top of tlie 
balloon. The two remaining pigeons were brought down to the grouni 
One was found to be dead and the other, a carrier, was still living but 
would not leave the hand when I attempted to throw it off, tni, after a 
quarter of an hour, ft began to peck a piece of ribbon which encircled Its 
neck, and was then jerked off the finger, and flew with some vigour towards 
Wolverhampton. One of the pigeons returned to Wolverhampton on Sunday 
7tb, and this is the only one that has been beard of ' 

there are others noted for long distance flight like the albatross and 
the petrel. Both these birds are often seen at considerable distances 
from land even m stormy weather The albatross, found neat Beh 
ring Strait and m greater abundance in the Southern Ocean, is the 
laigest and strongest of sea birds. In a full grown bird the length of 
the body often reShhes 4 feet and the weight 25 lbs The wings are 
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long and narrow and sometimes measure as much as 17 feet from 
tip to tip when spread. It builds its nest on the top of high preci- 
pitous cliffs in the smaller uifinhabited islands. In feeding, it gorges 
itself at times with the result that it cannot fly, and then it sits 
motionless on the water, heaving up and down with the waves I It 
follows a ship for days together, now and then wheeling round it in 
wide circles for nearly half an hour at a time, sailing both with and 
against the wind without perceptible strokes of the wing, and then 
pursues its flight without once alighting on the sea for food or rest. 
One bird, released at a seaport with a message tied round its neck, 
is reported to have been subsequently traced across the ocean at a 
place nearly 2,000 miles away, more than the distance from Ireland 
to Newfoundland ! In this case, as there was no land anywhere bet- 
ween, the bird must have made a ‘ non-stop ’ flight unless it occasion- 
ally took rest on the waves. Its unique powers of flight are due to 
its being long-winged and web-footed, a factor which enables it to 
fly in a smooth glide without any apparent motion of the wings. In 
its soaring flight it avails itself of up-currents of air of varying velo- 
city at different altitudes. Some writers go so far as to state that, 
owing to these advantages possessed by the bird, it can sleep in the 
atmosphere 1 This statement however lacks confirmation. 

We have it from Popular Mechanics Magazim*oi October 1932 
that there is another bird, the golden plover ( a wading bird ), noted 
for its distance flights. This bird, in its migrations, may in fair 
weather make a non-stop flight from Nova Scotia to Colombia in 
South America, a distance of 2,400 miles, flying day and night 1 

^ „ ,■) 28,126 ft. = 

(132) World’s Mountain-Clirab Record j 5 m. 2 f. 135 yds. 

Note 

This record elevation was reached by Dr. T. H. Somervell and 
Major E. F. Norton on 4th June 1924. 

Great hardships are encountered in climbing lofty mountain 
heights. Furious hurricanes, sudden snow-storms, the cold stabs of 
icy winds, low pressure of air, exposure to the sun’s ultra-violet 
rays, frost-bite and exhaustion, alt these have to be endured by the 
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climbers to attain or approach the g<»! Sometimes clouds of snow 
dust come down m layers so thick that it grows pitch dark m late 
afternoon and a chilling blast follows ifi their wake 

At the assault on Everest m 1924, even at 21,000 ft a tempe 
rature of several degrees below sseto was registered Frost b te to 
toes and fingers is an ever present menace owing to the cold and wet 
Monntaineers wear wind helmets, cold proof and waterproof costumes, 
nailed boots, and crampons (pointed plates for the foot) The glare 
of snow fields is so dazzhng that snow goggles have to be used to protect 
the eyes The low density of the air makes, as a rale, resort to oxy 
gen necessary after a certain elevation But at the last attempt on 
Everest m 1924, Norton and Somervell made their record ascent 
without using ozygeiL This rendered their upivard progress extreme 
ly slow and difficult Somervell, besides, sufiered terribly from 
the effects of what is known lo mountaineering circles as high alh 
tude throat The extremely cold and dry air bnngs on a parched 
Ihroat, which la advanced stages may become a danger On the moi 
ning following the record climb, Norton woke to find himself soffer 
ing from snow blindness It must have been a pathetic sight to see 
him assisted m hts blind state down difficult steeps by other mem 
bers of the party 

Among othef dangers which mountaineers have to face are those 
which arise from landslides, avalanches, falling ice crags, loose boul 
ders and hidden crevasses An avalanche is a huge body of snow, or 
snow imngled with ice, which becomes detached from snow covered 
mountam tops and slides down the mountain side or falls down a 
precipice It carries masses of rock, soil and somebmes also trees 
along with it The conbnual accumulation of snow and ice on a 
mountain top makes it necessary for the excess to be got rid of from 
time to time An extremely small proportion of the overloaded snow 
evaporates, but practically the whole of the surplus is disposed of iQ 
the form of glaciers and avalanches On the summits of high moun 

tains vast masses of this snow sometimes stand out so finely balanced 

that a thunder clap may suffice to tilt them and bring them down 
with a roanng crash The moimtaineer in their path is absolutely 
helpless In the Alps, says a wnter, even the smallest things may 
cause an avalancfce The vibrafaons produced by a passing railway 
tram may precipitate a slide that may deal destruction unless s 
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driver tcx)b the necessary precautions. A falling branch, a gust of 
■wind or even the sound of a human voice may bring an avalanche 
rushing down the mountain sRle. In the ascent of these mountains, 
therefore, the Alpine guides insist on absolute silence being obssr\'ed 
by the climbing parties. This dread of the aralanche is referred to in 
his poem Sohrab and Ritsiinn by Matthew Arnold: — 

' But as a troop of pedlars, from Caboo! 

Cross underneath the Indian Caucasus, 

That vast sky-neighbouring mountain of milk snow 
Crossing so high that 

In angle file they move, and stop their breath. 

For fear the3’ should dislodge the o’erhanging snows — 

So the pale Persians held their breath with fear. ' 

The danger of avalanches lies not only in their tremendous weight 
and speed, but also in the powerful winds they often generate. The 
'avalanche wind’, as it is called, is caused by the pressure of the 
thousande of tons of snow as they travel at break-neck speed down 
the mountain side. Sometimes this wind is as violent an a tornado. 

•Or 

It is driven not only along the path of the snow-slip but on both 
sides of it, uprooting trees on either side, and the effect of an ava- 
lanche may be felt hundreds of j-ards away from its course. Onung 
to its deadly character, the avalanche is sometimes described as a 
‘thunder-bolt of snow’. Avalanches occur most frequently in summer 
when the snows on the summits begin to melt, or when great 
masses of snow are piled up on the mountain sides after unusually 
hBa%’y storms. 

Crevasses are rents or fissures formed in the body of a glacier 
as it passes over a steep or uneven bed. They may therefore be 
either vertical or oblique in their cut. They are often very broad 
and where vertical as deep as the glacier is thick, and where oblique 
their depths of course exceed its thickness, but their walls are rarely 
perpendicular. Crevasses occur always as open chasms when formed 
below the snow-line, but frequently as concealed abysses when 
formed above it. In the latter case their tops are often covered with 
snow, and it needs a trained eye to detect the presence of these 
snow-bridges which are especially treacherous when thin. When 
the snow is fresh, the hidden crevasses are locajfd by tapping the 
snow-sheets with a strong pole, but as a precaution against accidents, 
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which may prove fatal, raountameers in crossing the snspected 
spots cause each member of the part^ to be held fast by a long 
rope to two others, for there have been instances of unwary moun 
tameers being entombed m such crevasses by the snow bndge 
giving way 

Other lofty Himalayan peaks besides Everest ascended by moan 
tameers without being able to reach the crest are — - 

Name oi Peak Point leaehea 

(l) Naitga Parbat 22 965ft 

N B — This IS the loftiest peak of the Western Himalayas and 
stands out like a grim sentinel at the west end of the range It rises 
thousands of feet sheer above the bed of the nver Indos, which 
itself lies at an elevation of about 3,000 ft here Rich tropical forests 
cover the lower sides of this face of the mountain, presenting a 
picturesque sight The eastern face abounds lo glaciers A writer 
describes the glories of this peak m the following terms — 

' Loveliest of all the Himalayan heights is this NangS Parbat as seen at » 
distance of some 80 miles away from the popular hill resort of Gulmars m 
Kashmir At sunrise before the white mists begin to gather and drift up 
from the valleys or in the evening when ram all day has washed the skies to 
a delicate dear blue NangS Parbat. with its highest point 26 629 ft. aboie 
sea level seems ta be raised up beyond this world of man s diminutive trafiic, 
a miracle of ivory and opal hardly to be distinguished from a cloud but for 
the clanty of outline of its peaks and ndges Viewed at short range as hum 
the valley of the Indus which curves round its base on the north and west, it 
impresses by its mass and height and steepness more than the greater 
giants more than Everest itself even for it rises 24/100 ft. ^eer up from 
the nver, whereas they nre approached and seen for the most part from a 
ground level of over 10000 ft ' 

To mountameets Nanga Paibat is a redoubtable peak, as ascents 
of it are rendered extremely dangerous by sudden snow storms 
biting winds and huge, treacherous ice avalanches A party of four 
British climbers who included Mummery and C G Bruce, assisted 
by Gurkha porters, made an attempt on it m 1895 Mommeiy, 
accompanied by two Gurkhas, endeavoured to explore one of the 
high passes on 24th August, but could not proceed higher 
than 20,000 ft He was however never seen ^in, and it Is thought 
probable that he las overwhelmed by an avalanche Referring to 
the obstacles presented by this peak, Bruce remarks — ‘ I wonder 
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whether Nanga Parhat will ever be climbed ; it is probably as diffi- 
cult a mountain as there is to tackle, for nothing but the very 
lightest camp can be talren hifh up, and even to get to one’s camping 
places, the climbing is terrific. At present it seems beyond the 
strength of man,’ In Nanga Parbat unlike Kamet it is extremely 
difficult to find suitable camping places anywhere within striking 
distance of the summit. But as mountaineering technique has made 
great strides in recent years, it is expected that a way may be found 
to overcome this formidable difficulty. 

A German expedition from Munich led by Herr Willy Merlcl 
made an attempt in the summer of 1932 to conquer this peak. A 
camp was established at 22,965 ft. preparatory to the attack, but 
owing to sickness among its members the party was forced to return. 

(2) Kangchenjunga ... ... ... 24,450 ft. 

N. B, — This point was reached by the Bavarian expedition of 1929 
headed by Dr. Bauer. Kangchenjunga is far more difficult to climb 
than Everest on account of its impregnable defences and terrible ice 
avalanches. In the first attempt on this peak the progress from the 
camp was tedious and painful and climbing ‘ a desperately difficult ’ 
process. Hacking steps in the icy steeps, the mountaineers heroi- 
scally fought their way up, but the peak offered stubborn resistance. 
It even assumed the offensive with the deadliest of weapons. Colos- 
al masses of ice broke off from the overhanging glaciers and hurled 
themselves thousands of feet down the granite precipices. ‘ A cruel 
north-west wind snarls at the climbers with fiendish ferocity.’ The 
temperature went down below zero. Still they persevered. But 
soon came a devastating blow when an enormous avalanche hurtled 
down dangerously close past the main party, swept away to his 
doom one of their best porters and in one moment undid all their 
laborious work. The onslaught was renewed from another point 
with even greater vigour, but these efforts were equally futile. The 
party were ultimately compelled to retreat and the mighty 
Kangchenjunga stood unconquered. 

(3) Bride Peufe, Karakoram ... ... 24,600 ft. 

N. B.— The Karakoram Range is regarded as practically a 

continuation or offshoot of the[Himalayas. The above point was 
reached by the Italian tourist, the Duke of the Abruzzi, in 1909. 
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Mountaineering expeditions have been rendering valuable set 
Vice to the cause of science, as will have been noticed even froa 
the little information we have been afcle to give under some items 
in this chapter But obviously, extensive and intensive exploa 
tions of mountains of exceptional interest like the Himalayas, from 
the stand points of several branchesofscience.mvolve prolonged and 
highly organized effort and heavy cost It is therefore welcome 
news that, in the beautiful surroundings of the valley of Kuln lying 
on the border of Tibet and between Simla and Kashmir, an institn 
tion called the Himalayan Research Institute has been established 
by the Roerich Museum of New York The brilliant galaxy of 
honorary advisers of this Museum includes such illustrious names 
as Einstein, Bose, Millikan, Michelson, Tagore and other scientists 
and savants of world wide fame The mam object of the Institute 
IS to conduct a scientific exploration of the Himalayas *Tbough in 
its infancy, it has already covered a good deal of ground in the biolo 
gical field It has sent numerous specimens of Western Him 
layan flora to New York the Michigan University and the Jardm 
des Plantes at Pans The New York Botanical Garden is actively 
CO operating with the Roerich Museum id the Utter s endeavoor to 
discover plants of economic and scientific value, particularly thos» 
of medicinal use Besides this important work, the Institute has 
made a large aoological collection and has started a geological 
collection too It has also set up and proposes to maintam its owa 
local museum and research library It is working m co operation 
■with similar institutions elsewhere in the world, so that its 
activities are really international in their character As for the 
future, there is a practically uuUmited field of research before 
the Institute va the yet unexplored regions of archaeolc^ and 
allied sciences as well as in those of the natural sciences A sure 
guarantee of the future success of this great scientific enterprise 
Is the presence on the spot of its versatile organizer, Professor 
Georges de Roerich, well known as an explorer, artist and author 

(133) World's Third Loftiest Peak-Kangchenjunga 28 its tt 

Note —The name of this peak is vanously pronounced or spelt. Th® 
Nepalese pronounce ft as Kangchenzeunga while to the Sikkunew it fs 
known by the somewhat jaw breaking name of Kangden Dzod Nga D 

Nga’ meaning F|Ve Treasures Wehairecomeacrossyelanothervanauoa-' 
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Kanchan Ganga— but have no information as to how this name has arisen 
or whether the peak is so called in any of the other Himalayan States or in 
any part of Tibet The name Mangchenjunga is of Tibetan origin and 
means ‘ the five treasuries of the great snows’. 

(134) World’s Second LoftiestPeak — Dapsang,'] 

K 2 or Godwin-Austen, Karakoram }- 28,283 ft 
Range j 

Note. — ^About 300 miles north-west of this peak, begins the great 
Plateau of Pamir, the ‘Roof of the World’. 

(135) The True ‘Roof’ of the World — ) 29,145 ft. = 

Mt. Everest J Sm. 4f.35yds. 

Note. — There is keen controversy over the question whether there is 
an indigenous name for this peak. The famous explorer, Sir Sven Hedin, 
deduces from certain records that the Tibetan name for it is Chomo Lungma 
( ‘the goddes^of the country’ ), but the Chief Lama of the Rongbuk Monas- 
tery, it is stated, refers to this peak in his autobiography as Joma Langma 
( 'the cow goddess ’ ). Neither of these names has however been so far con- 
clusively proved to apply to Everest, and besides, it is said that Tibetans 
living in different places around the Everest region call different peaks by 
the name of Joma Langma. In many books of Geography and even in 
the maps annexed to the Imperial Gazetteer of India we find it stated that 
Everest is also called Gamdshankar. But in 1903 it was definitely ascer- 
tained by explorers that this was the local name of another peak in Nepal 
over 100 miles away from Everest. We find confirmation of tliis in the 
Entycl. Bf. ( 1929 ) and in many of the latest Atlases, which show Gauri- 
Shankar as a distinct peak with an elevation of 23,440 ft 

The height of Everest was first determined by trigonometrical obser- 
vation in 1841 as 29,002 ft, but it was subsequently re-measured and raised 
to 29,145 ft 

The relation between elevation and atmospheric pressure depends greatly 
on the temperature of the air. On the summit of Everest, even on the ‘ warm- 
est ’ day the temperature is never above zero, and at night it drops to as 
low as - 29" F. ( - 34® C.). While the barometer reading at sea level is 29'92 
inches or 760 millimetres of mercury, on the top of Everest it will be about 8 
inches or 203 mm., so that the pressure on the ‘Roof of the Earth will be 
less than one-third of that at sea level. The boiling point of water at this high 
elevation will be about 160° F. (71° C.). 


Weights of the Earth’s Crust & Central Core 

Having finished with the broad divisions of the ^rth— its interior, 
its 'ocean and its land surface, we shall, before passing on to the next 
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fchaf)ier, fconsider how tlie lotal weight of the globe is made ap. Wo 
have already given the weights of the ocean and the wbtde earth. 
The ^sthnate- formed by some geologists of the thickness and density 
■of the Orth’s central core has already been dealt with in onr Con 
eluding Remarks m the first chapter. 


The core is described as spherical, and its radios, we find, is 
1,094 miles. Its mean density is 11‘5 times that of water, so that 
if we fake the av erage density of the earth’s material as I, that of 
the core w ill be 1 1 5 X , as the mean density of the earth is 5 5 
tunes that of water On the well known formula ui mensuration, 
the volnme of the core amounts to ^ x -y x 1094’ = 5 5 billion 
cubic miles, while that of the earth is 260 bdlion cnbic miles. 
Now if a sphere w hose volume is 260 billion c, miles and density is 
1, weighs 6 593 sextUIion tons, a sphere with a volome of 55 
billion c. miles and a density of 11 5 X ^ will weigh 

6 593 X 10>' X 115 X 12 X - ^S^ = 290X 10“ 
or 290 qumtiliion tons 


To sum up 

Weight of the whole Eartli . 6,593 quintilhon tons 


toe } 230qu,ot.U.on tom 


Weight of 1 1 38 „ 

the Ocean J ■ - ■ 

Approsimate weight of the 
Earth’s Crtisf (nsed in the 
widest sense } e'vteodiog 
from the surface to the 
boundary between the 
lowermost stratum of rock 
and the central metallic 
cote, will be 


291*38 „ 


6,301 62 „ u 

or 6 3 se.ttQliontons. 
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CHAPTER IV 

Volcanoes 

We propose to give here some general information 
about volcanoes, together with short descriptions of the 
various phenomena accompanying their eruptions and brief 
accounts of some of the appalling outbursts on record. 

A volcano (Lab VuJcantis, Vulcan, the god of fire; 
cognate with Sanskrit Ulka, a firebrand or meteor) may be 
broadly defined as a more or less conical mountain, built up 
of successive accumulations of materials expelled to the 
surface in a state of incandescence or intense heat, through 
an opening in the earth’s arast, by pressure from the 
heated interior. This opening is called the pipe^ funnel, vent 
or throaV The bowl-shaped mouth of the volcano is known 
as the crater. A volcano may also have subordinate or 
parasitic craters. Whole ranges of mountains have been 
formed by the ejected masses of molten material consolida- 
ting in course of time around the craters. In the vast system 
of Andes, which extends right along the Pacific coast of 
South America and covers, without taking curves into 
account, a length of 4,500 miles, the great bulk of the masses 
are composed of stratified rocks, but upheaval and denuda- 
tion have been assisted by direct volcanic action, and these 
three forces have been leading factors in the formation of the 
range. AH types of volcanoes are present in it— ancient 
volcanoes almost wiped out fay erosion, extinct ones with or 
without craters, and active volcanoes. 

The principal volcanic areas in the world, besides the 
Andean region, are Central America, Mexico, Al aska, 
Hawaii Islands. Japan, East Indies, New Zealand, Italy, 
Sicily and Iceland. About 700 volcanoes have been counted 
in the whole world (107 bring found in Iceland alone), and 
of these, according to Dr. T. A Jaggar, Birector of the 

n 
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Hawaiian Volcano Observatory and a vulcanologist of 
mtemational^dinmence, 485 are active Few upheavals of 
Nature excite popular interest si? much as a volcanic erup- 
tion It is so awe-mspmng and so pregnant with possibili 
ties of relentless forces being let loose on a vast scale and 
working havoc all around And the phenomena that 
accompany an outburst often present a singularly sublime 
spectacle, compared with which the mamfestations of even 
a severe earthquake are tame Most volcanoes have 
periods of activity and of quiescence before they ultimately 
become extinct Vesuvius was slumbering for centunes 
before the great outburst of 79 A D which destroyed 
Herculaneum, Pompeii and other cities 

The materials erupted at the outbreaks are of four 
mam classes (1) gases and water vapour, (2) hot water 
and mud, (3) lava or molten rock and (4) fragmen 
tary substances The gases given off are sulphuretted 
hydrogen, hydrochloric acid (abundant at Vesuvius) 
carbon dioxide nitrogen and ammonia, besides carburetted 
hydrogen, chiefly marsh gas, the principal constituent of 
that deadly gas, fire-damp, so commonly found m coal 
mines and at times near stagnant pools /The chief propul 
sive force responsible for volcanic outbursts is steam 
generated by water that has percolated through the 
earth’s crust and become superheated by contact with 
the molten masses of magma in the interior The consti 
tuent gases of the water or of the magma or of both also 
play a part m this propulsive action along with the steam 

It is estimated by Jaggar that the world s active volca 
noes belch forth every year upwards of 100 million tons 
of hydrochloric acid which, being discharged as gas mixed 
with steam, mingles with the clouds and, combining with 
the sodium of the rivers, forms common salt The nveis 
pour out this salt into the sea which thus acquires 
its saltiness 

Water vapour escapes in vast quantities from some 
craters and is ^’isually mistaken for smoke It is often 
expelled with extraordinary violence At the eruption m 
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1902 of Mont Pelee (4,430 ft.) in the French island of 
Martinique, West Indies, the greatest havoc done was 
caused by a blast of steaaa which ‘ rushed down at about 
ICK) miles an hour, uprooted trees, dismounted guns, tossed 
boulders about and tore solid houses to pieces.’ 

The North Island of New Zealand contains several 
volcanic cones, mostly mud volcanoes. Many of them are 
intermittently active with their numerous ‘ smohe- 
chimneys’ or fitmaroles, and vents technically called 
soJfaiaras, which give out sulphurous, muriatic and other 
acid vapours. As a result of this volcanic activity the 
island abounds in geysers and in hot springs whose tempe- 
ratures vary from luhewarmness to near boiling point. In 
fact the thermal activity in this area is of a most impres- 
sive character, being rivalled perhaps only in Iceland and 
the Yellowstone region of the United States. A plateau 
over 100 miles long in the middle of the island is a veritable 
Inferno, the scene of incessant manifestations of minor 
but highly spectacular -vulcam’dly. Sparkling geysers 
soar into the air side by side with streams of bubbling 
mud. In the Wairakei Geyser Valley a \*ast amount of 
steam rises from amidst clumps of bushes in spiral columns, 
bed immi ng the deep-blue of the sky. In the Empire Revieio 
& Magamie of September 1932, Kathleen Reed gives a 
picturesque description of the phenomena noticeable there, 
in the course of which she says : — 

‘ Some cbaractsrisdc hss givao a name to every sight. 
There is the Champagne Pool, gleaming like crystal as it boils 
perpetaaDy; the Prince of Wales’ Feathers, a spray vrhich is 
marvellocsly like vrhite plumss ; the Devil’s Ink-pot, a hole cf 
shiny black mud ; ihe Eagle’s Nest, a pit covered vrith a layer 
of sticks vrhich have been coated vrhite by the snlphnrons steam 
beneath them. A patch cf boiling white mcd is known as My 
Lady’s Beanty Parlonr. The big rcnnd bubbles look smooth 
and creamy, like boiling milk. Roand the edges it has caked to a 
yellowish crinkled mess. 

‘ in the evening ( we ) visited the ferap^ Blow-hole. It 
was a very dark night and the bcsh looked black and 
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densely sombre Out of a small hole m a mass of rock a greal 
spout of steam was coming horizontally with a hollow, thus 
deroos sound. We could feel thedieat on our faces. It was not 
like steam, for it was a dry heat To prove this, our guide Lt 
several flares and cast them into the grey rush They were 
not extinguished but blown forward like so many sparks He 
then showed us how great must be the pressure Some 
empty petrol tins which he threw into the path of the steam 
bounced noisily past us This blow hole is considered the safety 
valve of the thermal district, and therefore perhaps of the whole 
of the North Island . ... 

* A few miles from Rotorua is a yellowish white patch m 
the landscape known as Tikitere Here I saw the more 
gruesome aspects of thermal activity, their horror unreliered 
by the presence of clear waters and green vegetation. " Hell 
in a match box was the description of the Maori woman guide. 
Cauldrons of glossy black mud, of grey oily liquid, simmeraud 
heave, rumble and bobble Round them the earth is cracked 
and broken, and looks as if it may break away at any moment 

* Oar boat glided through the warm blue water ( of a lake } nt 
the foot of steaming cltiTs from which boiling springs spurt and 
fall m cascades ' 

A few volcanoes discharge torrents of hot water at 
an eruption A big volcano has a very large crater which 
being sometimes filled with water, forms an extensive 
crateral lake We have already mentioned Volcan de 
Agua as a typical example of a water volcano There is 
another lake lying in an extinct crater m Southern Oregon 
USA, which is about 7 miles long and 5 miles broad 
with a mean depth of 1,490 ft Its water is extraordmanly 
blue The lake is surrounded on all sides by lofty cliffs 
nsii!gl,CWit sDdmsxre, 

A few years ago an American Army aviator and his 
mechanic had a terrible expenence during a flight overthe 
dense tropical jungles of Central America As they were 
flying at an altitude of about 10,000 ft in an amphibian 
aeroplane and^-dusk was approaching, the engine began 
^0 show signs of failure. Looking below, the airman 
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saw in the heart of the forest a charming little lake and, 
after a careful survey of it from above, decided to risk 
alighting on its wafers. As the two men neared its sur- 
face, they felt the air getting hotter and hotter. By 
skilful manoeuvring, the airman succeeded in landing 
smoothly on the lake, but what was his astonishment 
when he found hot spray flying to his face from the hull 
of his machine ! Needless to say, he was alarmed, and 
he immediately began to take stock of his surroundings. 
In the gathering gloom of night he saw to his dismay 
high walls of rock rising sheer from the water’s edge on 
all sides and small columns of steam rising from the 
lake. The terrible fact dawned upon him that he had 
alighted in the crater of a water volcano in the early 
stages of activity. The hull of his machine sank deep 
in the hot water. The airman and his mechanic passed 
an anxious and dreadful night, for, owing to the perpen- 
dicular cliffs around, they could find no place where 
they could pull to shore and anchor. Early next morning 
they repaired their motor. After taxi-ing in a circular 
take-off and a couple of difficult spiral climbs, the aviator 
succeeded in getting clear of the rim of the crater and flew 
to the nearest coast. He learnt later that this volcano 
which had been dormant for many years, was showing 
signs of activity. 

Under Item 53 of Chapter III we have given some 
particulars of the great volcano of Aniakchak in Alaska. 
An aeroplane flying for the first time recently over its 
crater was sucked in by the hot gases issuing from the 
fumaroles and would have been completely drawn in 
towards the pit but for the presence of mind-shown by 
the pilot. By a skilful dive and climb he saved himself 
from a fatal plunge into the sulphurous fumes. The 
odour of these fumes could be perceived 40 miles from the 
pit and even at 6,000 ft. above the crater. But in spite of 
this perhaps frequent manifestation of volcanic activity, 
the crater has been found teeming with animal life, 
chiefly rabbits, grouse and Kodiak bears, Fqther Hubbard 
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the geologist who led the first expedition to this crater, 
(ade Item 53 of the preceding chapter), has since 
made a descent into it by pn amphibian aeroplane. 
An aviator undertook to land his machine in the crater, 
3,000 ft. below its rim, and Hubbard readily accepted his 
offer. The party, which included a cartographer, landed 
on a lake at the bottom of this dizzy abyss, called Surprise 
Lake. In the course of exploration of the crater, the 
party cut a hole one foot deep in its ash bed and succeeded 
in melting in it tin, zinc and even copper, whose respective 
melting points are 232®, 420* and 1,0839 C. The copper 
took only a few minutes to melL The blue vapours 
seen issuing from a spot close by indicated temperatures 
still higher than the melting point of that metal. 

Katmai in Alaska is a well-known peak of the Aleutian 
Range. At a violent outburst in 1912 its top was com- 
pletely shattered, and about the same timb the valley tb 
the north-west was covered with a vast number of small 
fumaroles. This region is since known as the ‘ Valley of 
Ten Thousand Smokes Katmai also has lately been 
explored by Hubbard who in mid-winter found in its 
neighbourhood warm rivers and a warm lake, while the 
temperature of the air was below zero. 

In the volcanic region of Leeward Islands ( British West 
Indies) in the Lesser Antilles group there is a remarkable 
crateral lake on a mountain side, with steep banks. It lies 
at an elevation of 2,300 ft. Its depth has not been as- 
certained. The pressure of the gases which escape from 
this lake is so great that the waters are often forced up 3 
feet above the normal level. The fumes are at times 
poisonous. The lake has come to be known as the ‘ Boil- 
ing Lake 

Volcanoes which eject mud are of two classes. The 
true type is known as the sahe, which erupts acidulated 
mud, more or less liquid. Such volcanoes are found in 
Japan, Sicily, Iceland and several other volcanic regions. 
At an outbrealc which took place a few years ago, the 
volcano Bandai® an (6,037 ft) in Japan discharged over 
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the country millions of tons of boiling liquid mud in 
torrents computed at 176 ft. in length per second ! The 
second group of mud-vokanoes occurs in petroliferous 
areas like those of the Crimea, the Caspian, Burma and 
Java. They mark a decadent phase of vulcanicity. 
Burma has several such volcanoes. They are merely hil- 
locks of earth which is continually thrown out through 
small orifices at the top. They occur in groups and are 
found for the most part in the Cheduba and Ramri Islands 
in the Bay of Bengal near the Arakan coast and to a 
lesser extent at some places on the banks of the Irrawady 
river. The largest cone stands in the heart of Cheduba 
Island (area 20 miles by 7 m. ) at an elevation of about 
1,100 ft. above the sea. These mounds erupt quantities of 
earth owing to the pressure of gases escaping from the 
internal depths. The eruptions are usually accompanied by 
a discharge of saline water containing a small proportion of 
petroleum. The water frequently bubbles up and gives off 
the gases which, being composed essentially of hydro- 
carbons, are highly inflammable. Some of these cones eject, 
besides earth, fragments of stone, and occasionally the gas, 
which is usually marsh gas, is seen aflame. These out- 
breaks, says Wadia, are not accompanied by heat and all 
the ejecta show the temperature of the surrounding air, the 
ignition of the gases arising from their friction with the air 
and not from the earth’s internal heat. 

Among all the exhibitions of volcanic activity the most 
spectacular and devastating are the lava outpourings. 
I^va is only a mass of magma forced out of a volcano by 
subterranean pressure, but in a physically and chemically 
changed condition. No man can ever see magma in its 
original state. As it wells up and the overlying pressure 
is relieved, the gases present in it bubble up and react with 
one another and with air, which results in the combustion 
of their hydrogen, carbon monoxide and sulphur vapours 
and formation of water-vapour or steam, carbon dioxide 
and other gases. The escape of these gaseg is followed by 
expulsion of the molten mass below, which is then called 
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lava. This material is poured out either in a highly liquid 
or m a more or less viscous state. At a terrific outburst in 
Iceland which took place in 178?, two gigantic streams of' 
liquid lava poured down from a crater. One of these was 
50 miles long and 12 to 15 miles broad, and filled up ravines 
which were 500 to 600 ft. deep ! Mauna Loa in the Hawaii 
Islands is called the ‘ King of Volcanoes’. It is a bi-erateral 
volcano, the larger cone, situated on its flank, being 7 miles 
and the smaller one on the summit being more than 
3 miles, in circumference. From both craters are dis- 
charged immense quantities of lava at frequent intervals. 
The volcano erupts nothing else. At an outbreak in 1840 
the liquid lava ejected rolled onward in a stream 2 to 
3 miles wide and 12 to 200 ft. deep. At last, after flow- 
ing to a distance of 30 miles in four days, the lava stream 
‘ leaped from a basalt precipice 50 ft. high into the sea in a 
raging blood-red torrent.’ This torrrent continued its rush 
into the sea for fully three weeks, heating the water for 
20 miles along the coast and destroying millions of fishes. 
* So intense was the glow of lava that ships saw the lurid 
glare 100 miles away.’ At another eruption of this volcano 
which occurred in 1852, a continuous ‘ geyser' of liquid lava 
from 200 to 700 ft. high and 1,000 ft. wide gushed out at 
the base of its cone. Similar outflows of lava from the 
volcano have been witnessed in later years. In 1868 four 
gigantic fountains of lava played for several weeks at 
heights of from 500 to 1,000 ft ! 

In Item 38 of Chapter III we have given a short des- 
cription of that boiling cauldron of the world— Kilauea. It 
can be viewed at ordinary times without danger. Its level 
rises and falls and at its eruptions the liquid lava has 
sometimes oversowed the rim of the crater, but the see- 
thing mass of fiery liquid never cools or solidifies. The 
Kilauea lake is thus a miniature sea of glowing lava com- 
parable to that river of liquid fire in Inferno which classic 
authors describe and to which Milton refers in Paradise 
Lost 


Q ‘Fierce Phlegethon, 

Whose waves of torrectfiie inflame with rage.’ 
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The National Broadcasting Company of America, after 
great hardships, has established a remote control outpost 
on the brink of this volcfcno. In December 1931 Kilauea 
sprang back to life after months of slumber. On the 28th 
of that month Mr. Ezra Crane, an official of the Broadcast- 
ing Company, took up his position two feet from the edge 
of the crater and, with his gaze fixed over a thousand feet 
below upon a scene ‘ that even Dante in his wildest flights 
of imagination would fail in describing issued the world’s 
first broadcast of the scenes witnessed in a live volcano : — 

‘ Below me is a heaving lake with an area of more than 85 
acres of roaring, red-hot lava. Countless tons of molten lava 
are bursting up from the bowels of the earth in a score of foun- 
tains. Great showers of scarlet lava are hurled into space by 
the invisible forces, only to return to the seething pit once more 
with a roar and a crash that w’ould still the trafSc at 42nd 

Broadway { New York ) on a New Year’s Eve 

Let me count the fountains for you now — over there in the far 
corner is the greatest of them all, playing incessantly, relent- 
lessly, 300 feet in the air. Right next in line, almost a part 
of the gigantic fountain, are two smaller ones, pimples in com- 
parison, but in reality each a hundred feet high. And this way 
a little bit — probably not more than 300 yards or so — is a group 
of one, two, three, four — no — five beauties of equal size. Let 
us see — that makes eight, but we have just started — look at 
those three enormous ones playing fiercely in the centre of this 
lake of fire — and, oh, did you hear that roar as they exploded 
their tons of liquid rock ? Look right down here below me a 
thousand feet right into the face of eternity ; there is a new one, 
just sprung up, playing almost out of the side of the cliff, spewing 
itself, fiery red all over a black crust of lava, cooled for the 
moment on the lake surface. That makes twelve of them, but I 
cannot stay here all day and count fountains, for, gazing back 
over there where we started, there is another group of four new- 
comers merrily joining in the chorus of crashing rock, seething 
molten stuff whose endless motion seems to beat time like the 
surf angrily pounding upon a rock-bound coast. ’ 

A strong wind blew for a time cloudfe of sulphurous 
22 
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fumes and other vapours from the pit to where the broad* 
caster stood, and his voice in consequence grew a little 
husky in the course of utterance. A microphone was 
subsequently lowered for one minute 15 or 20 feet down the 
densely vapoured crater, so that the bystanders at the edge 
of the cliff might hear to better advantage the roar and 
crash of the terrific activity below. Dr. Jaggar, the volcano 
expert, was present and witnessed the broadcast. He had 
been hearing the sounds of the volcano for twenty years. 
He informed Crane that the temperature of the lava at the 
bottom of the pit was 1,200* C. 

Among the lesser phenomena noticeable at an eruption 
of Kilauea is a fine glassy fibre-like thread which the 
Hawaiians call Pele’s Hair, Pele being the name of the 
dreaded goddess of the volcano. This material is spun by 
the wind from the rising and falling drops of liquid lava 
and blown over the rim or into the crevices of the crater. 
Several other objects of volcanic origin are found in this 
mountain such as sulphur banks, pumice beds, lava tubes, 
lava trees and sulphur«steam baths. 

A thrilling descent was made into this terrific crater 
in 1932 some time before October by an intrepid Japanese 
contractor of the locality, named Rikan Konishi. A 
Hawaiian young man shot his sweetheart for refusing to 
marry him and then plunged with her body into the crater. 
From its rim the bodies could be seen 1,000 feet below near 
the brink of the bubbling lava lake. Konishi was employ- 
ed to recover the bodies. He caused two platforms to be 
erected on the rim of the volcano at the north-east and 
south-east respectively. A stout cable about a mile long 
was stretched across the abyss from one platform to the 
other. Two tractors were used to lower and raise a cage 
which, travelling on a pulley with its occupant, would run 
along the cable to a point vertically above the spot where 
the bodies lay. Then by means of other cables and pulleys 
and the tractors, Konishi was tied in the cage with a 
cotton rope held by a slip-knot. The cage was hoisted by 

a winch, held suspended for a short time, then swung to 
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the rim of the crater and finally hung on to the cable 
connecting the platforms. Thereupon it began its move- 
ment over the abyss and “finished the horizontal trip in 
twenty minutes. Next came the perpendicular descent. 
After its downward progress for nearly two hours, the 
cage landed on the sloping sides of the crater above the 
bodies. Konishi got out, ran a coil ofropefrom the cage down 
the slope, descended by it over the loose rocks and viewed the 
bodies at closer range. Returning to the cage, he took out 
canvas slings and, once more descending by the rope, 
placed the bodies in them, after which the slings were 
connected to the cage by ropes and the bodies pulled up. 
Konishi then climbed back into the cage and signalled for 
the upward journey. The gruesome ascent was completed 
in one hour. When the cage with the bodies dangling 
beneath it reached the cable above, it was hauled up to 
the rim of the crater, where spectators were breathlessly 
watching the whole feat through field-glasses. Boards 
were then stretched out to the floor of the cage, and 
Konishi landed safely on firm ground, successful in his 
perilous undertaking. 

Mt. Etna ( 10,868 ft. ) in Sicily is the largest volcano in 
Europe with a circumference of 87 miles. It is one of the 
most celebrated and longest known volcanoes in the world 
and figures in the ancient classical literature of Greece and 
Rome. Pindar, Aeschylus, Thucydides, Theocritus, Virgil, 
Ovid, Livy, Seneca, Lucretius, all refer to it in their works. 
Hundreds of subsidiary cones, small and large, are scattered 
over its flanks. About 80 eruptions have been recorded 
during a period of 27 centuries, and they have occasionally 
wrought havoc. In the outbreak of 1669, one of the most 
terrible on record, the original outflow of lava ultimately 
divided itself into three fiery streams which carried 
destruction into the villages they flowed through. The 
seething mass at last entered the sea as a single stream 
600 yards wide and 40 ft. deep. An eruption in 1693 was 
succeeded by a violent earthquake which destroyed partly 
or wholly about 50 towns and villages and caused a loss of 
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between 60,000 and 100,000 lives. ■ In 1863 Professor Fouque 
made close observations to estimate the total amount of 
steam ejected from a lateral cr^er of the volcano. The* 
quantity discharged in 100 days, according to his calcula* 
tions, was sufficient to yield, when condensed, 462 million 
gallons of water^enough to form a lake 2i miles long, 
2,100 ft. wide and 30 ft. deep ! When Etna was active in 
1928, the railway line between Messina and Catania was 
blocked by lava streams 100 ft. wide, which wiped out one 
town and almost completely destroyed a village. In 
March 1932 the volcano, while covered with snow, gave 
spectacular signs of activity. Internal thunders of growing 
intensity came from the regions of the central and some of 
the subsidiary craters. Explosions occurred in the north- 
east crater which ejected puffs of sulphurous steam occa- 
sionally accompanied by cinders, with the result that the 
snow partially melted around the summit. A local winter 
sports competition was in progress, and it was held over 
ground which trembled beneath the snow. A strong wind 
frequently caused the mountain to be hidden by clouds of 
steam, and the snow-fields at the higher levels were from 
time to time lit up with the glow of the incandescent 
materials. 

The volcano of Vesuvius ( about 4,000 ft, ) is the source 
of an unusual phenomenon the visitation of which is for- 
tunately rare. It is the so-called hot rain. Small clouds 
of hot vapours escaping from the crater are carried here 
and there by the wind, and rain falling through these 
clouds when they are low reaches the ground in a hot 
state. This rain burns the eyes and makes the face smpt, 
and has a destructive effect on vegetation. Crops, vine- 
yards, vndergTDwth and tender shoots in the Vesuvian 
zone are scorched and ruined, and the whole region 
presents a desolate appearance. The stricken areas 
become tobacco coloured after the hot shower. This 
phenomenon must be due to the vapours of hydro- 
chloric acid "^^ich escape from the volcano in large 
quantities and, dissolving in the rain-water qs it falls, pro- 
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duce- dilute hydrochloric acid stroug enough to have an 
irritant effect on the human skin and'a scorching effect on 
vegetation. • 

Cotopaxi has been known to discharge shafts of fire to 
a height of 5,000 ft., and it sends huge stones flying to 
stupendous heights as if ' hurling defiance toward the vault 
of heaven ’. At one of its eruptions it is reported to have 
hurled a 200-ton block of stone which fell 9 miles away ! 
There is a smaller volcano in South America named Antuco, 
situated in Chile, which at an outbreak catapults stones to 
great distances, sometimes as much as 36 miles. 

At many great outbursts, besides a constant shower of 
stones and scoriae or volcanic cinders, a huge column of 
fine particles rises from the craters to heights of upwards 
of a mile and is thereafter spread out by the winds like a 
sheet of cloud over a considerable area around. This cloud 
is sometimes so dense as to darken the skies and shut out 
sunshine from the whole area beneath for days together, 
so that continuous night reigns there during this period. 
The so-called sand erupted by many volcanoes is really lava 
in an extremely fine state of pulverization. It is a grey 
powder and bears a close resemblance to wood or coal ash. 
It is popularly called volcanic ash or sand. These minute 
particles, after hovering in the air for some time, finally 
settle down as fine dust. 

The most recent eruptions which merit mention are 
those that took place in the Andes region in April 1932. On 
the 10th of that month the seaport of Valparaiso and other 
cities of Chile were rocked throughout the night and 
morning by subterranean disturbances, and earthquake 
shocks accompanied by underground rumblings lasting a 
whole night spread alarm in the volcanic zones of Chile and 
Argentina. The volcano of Descabezado (12,795 ft.) 
in Central Chile, long supposed to have been extinct, 
suddenly burst into fury and ejected clouds of ashes and 
showers of stones. A choking pall of volcanic ash covered 
an area as large as England. The air in some regions 
became poisonous owing to the fumes of*sulphurous gas 
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mingling with it. Seven other volcanoes in the Andes 
similarly burst into activity within a few hours of this out- 
break and discharged dense clpuds of ashes. Valparaiso 
and Santiago were covered with the volcanic dust and 
white-hot cinders. Three days later two other volcanoes in 
Argentina became active. 

The volcanoes concerned in this activity are of eleva- 
tions ranging from 11,342 ft. for Las Yeguas to 21,550 ft. 
for Tupungato. Tupungato is the loftiest volcanb which 
has erupted in recent decades. The distance between the 
farthest apart of these volcanoes is about 200 miles, and 
yet all of them were active at the same time. The explo- 
sions that accompanied the outbreaks were heard within 
a radius of 100 miles or more. A few airmen flew over the 
crater of Las Yeguas and heard loud detonations every 
half-minute and saw blocks of stone weighing several tons 
hurled to heights of over 200 ft. An American airman, 
who flew over the volcano of Quizapu at an altitude of 
14,000 ft., reported having seen a column of smoke which 
rose nearly a mile above the crater. For the three days 
during which the activity lasted, all the inhabited places 
in the volcanic region were in a state of semi-darkness on 
account of the continuous fall of ashes. It is estimated 
that by the end of this period upwards of 3,000 tons of 
material had fallen over Buenos Aires, more than 700 miles 
away from the nearest scene of activity. The farthest 
place reached by the volcanic ashes was Monte Video, a 
distance of about 850 miles from the nearest volcano in 
action. 

It is the general view that, where a number of volca- 
noes lie in a group or at no great distances from one an- 
other, only one becomes active at a time while the others 
remain dormant But these Andean outbursts show that 
vast underground forces are still at work affecting large 
areas. The solid land in the region of these Andean volca- 
noes, and in fact of all the active volcanoes in the world, 
must be a comparatively thin crust floating in a sea of 
magma Just a^an iceberg does in the ocean. The great 
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earthquakes which now and then rock various areas of the 
globe and the terrific volcanic eruptions that occur from 
time to time in different regions afford evidence that the sub- 
terranean forces which began shaping the earth hundreds 
of million years ago are still in operation. As a writer so 
forcefully puts it, ‘for all the rigidity of what we call terra 
firma, mountains are still heaving, continents are still 
tilting, bed-rock is still trembling, while, beneath all, the 
primal magma is still welling.’ 

The region of the world which, relatively to its area, 
can boast of the largest number of volcanic peaks is the 
Dutch island of Java. We mention some of them which are 
still active, as their names are reminiscent of Hindu colo- 
nization of the island in the distant past. The highest of 
these peaks is Mount Smeru or Semeru. It stands 12,238 ft. 
above the sea. Semeru in Sanskrit means ‘similar 

to Meru’. Among the other peaks are Guntur, Ardjuna 
and Rawun. At its eruption in 1843 Guntur threw up 
ashes to an extent estimated at 30 million tons ! There is a 
volcano in the neighbouring island of Sumatra named 
Indrapura, with an elevation of 11,800 ft. It is the highest 
peak in the island. It sends up dense clouds of va- 
pour from time to time. 

Merapi is another active volcano in Java. The beautiful 
temple of Mendut near the stupa of Bara Budur, refer- 
red to in Item 49 of the previous chapter, lay for a 
long time buried under a heap of ashes ejected by this 
volcano until it was unearthed in 1834. Volcanic activity 
in the island also exhibits itself in a decadent form, such as 
the mud-vdlcano of Grobogan in the Solo Valley about 30 
miles east of Samarang. There is another volcano of this 
class in the near-by island of Madura. 

Sumbawa, another island in the East Indian Archi- 
pelago and one of the Little Sunda group, contains 22 
craters, of which Tamboro may be singled out for special 
notice. At a terrific eruption which took place in 1815 it 
lost nearly a third of its elevation, but it still r^^ains a height 
of 9,042 ft, ■ On the night of 5th April that year began a 
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series ofifrightful explosions which lasted five days. Vast 
quantities of ash were ejected which, rising into the air, 
enveloped a large area in a pafl of darkness. The skies 
were now and again lit up by flashes of lightning. The 
ashes were carried to great distances, particularly towards 
the west It was calculated that within a radius of 
210 miles the average depth of this material was 2 feet. 
‘ They floated in huge banks on the sea’, says Professor 
Bonney, ‘ and buried a large amount of land.’ The havoc 
caused by the eruption was enormous. ‘ Forests were des- 
troyed, canals blocked, flocks and herds killed’, and it took 
a heavy toll of human life too. 

In the evening of 10th April the Raja of Sangir, an eye- 
witness, saw three columns of flame shoot up from near 
the top of the volcano and mingle in a confused manner 
above the crater. In a short time the whole mountain in 
the vicinity of Sangir looked like a huge body of liquid 
fire expanding in every direction. 

The detonations which accompanied the outbreak were 
BO loud that they were clearly heard at Jokjakarta in Java, 
480 miles away. It was at first supposed that some enemy 
attack was in progress and even troops were rushed to 
repel it. To the north the reports of the explosions reach- 
ed as far as the island of Tenmte near Gillolo, a distance 
of 828 miles, and to the west they were heard at Mokko 
Mokko, a port near Bencoolen in Sumatra, 1,116 miles 
away! These startling data lead to no less staggering 
conclusions from the acoustic point of view. Seeing that 
the intensity of sound energy varies inversely as the square 
of the distance from the source, the intensity in- this case 
must have been at the source more than a million times 
greater than at Mokko Mokko. And as the velocity of 
sound in air at ordinary temperature is about 1,050 ft. a 
second, the people of this place must have heard the explo- 
sions about an hour and a half after. Besides, as sound 
radiates or is propagated from its source in all directions 
and travels in continuous straight lines in an i unobstructed 
medium except in certain cases, the detonations were possi- 
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bly heard in parts of Australia and at many other places 
within a mean radius of a thousand miles, so that the 
diameter of the circle covered by these sounds must have 
been very nearly a fourth of the diameter of the earth ! 

The reason for our remark that sound waves travel in 
straight lines in an unobstructed medium except in certain 
cases is that exceptions to this law of acoustics have been 
found in the case of sounds proceeding from gun-fire and 
similar explosions. Thus the explosion of a huge ammuni- 
tion dump which occurred in Holland in January 1923 was 
recorded some 530 miles away, while no sound was heard 
at intermediate places 62 to 112 miles distant. The inference 
is that in this instance the sound waves travelled over 
part of the area in a curvilinear course, almost hyperbolic, 
creating a ‘ zone of silence ’ between their place of origin 
and the farthest point where they were recorded. The 
explanation of this peculiarity will be found in the Conclud- 
ing Remarks under Chapter VIII. 

But these records of the Tamboro outbreak, astounding 
as they are, pale into insignificance before those we have 
of the phenomenal eruption in 1883 of the island volcano of 
Krakatoa in the Sunda Strait between Sumatra and Java. 
The author owes much of his information about this out- 
break to Sir Robert Ball’s work. The Earth’s Beginning. 

For generations Krakatoa was quiescent and had almost 
ceased to be remembered as a volcano. In the spring of 
1883 there were perceptible signs that it was at last awa- 
king from its long slumber. First came earthquake shocks. 
Deep rumblings from the entrails of the earth gave warnings 
of approaching disturbances. And yet these symptoms of 
activity were regarded so lightly that some residents of 
Batavia organized a holiday excursion to the island. The 
more daring among them climbed up the sides of the 
volcano in the direction whence the sounds proceeded from 
the top. There they saw a huge column of steam issuing 
with awful noise from a deep fumarole about 90 ft. wide. 

By the end of summer the noises from the crater 
had become considerably louder. At fiiftt they could 

25 
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be heard 10 miles away and later at double that distance 
Day by day the noises gathered intensity until they could 
be heard over a radius of 300«iiles Further signs were 
not wanting of the impending catastrophe Each succes 
sive convulsion sent up clouds of fine volcanic ash high 
into the air, and a vast quantity of it was carried by the 
winds over great distances The discharge of this matenal 
at last became so copious and frequent that the siry was 
obscured by the dense clouds it formed The darkness 
grew deeper and deeper and sunshine being completely cut 
off, dawn and day were swallowed up in what seemed to be 
everlasting midnight * Land and sea within a radius of 100 
miles and more were thus enshrouded in darkness At 
Batavia 100 miles away, lamp light had to be resorted to in 
houses at noon time Even at Bandung situated at a 
distance of nearly 150 miles and 2,300 ft above the sea the 
darkness of midnight reigned at midday July came to a 
close and all the while the volcano was visibly developing 
Its energy As August advanced the manifestations of 
activity increased in violence There was panic over a vast 
extent of territory People began to feel that a catastrophe 
of unparallelled magnitude was close at hand 

On the night of 26th August the skies now darker than 
ever, were now and then illumined by lurid flashes 
from the crater In Batavia the inhabitants passed a 
sleepless night The houses trembled owing to violent 
earthquake shocks and the windows rattled as if heavy 
guns were being fired m the streets, but these were only 
premonitions of the supreme event 

The following day, 27th August 1883, saw the climax of 
the eruptions At first there were two or three violent 
TKese were followed by an outburst so appal 
ling that, in the words of Ball it is destined to be remem 
bered throughout the ages The whole northern and lower 
portions of the volcano were blown up Vast columns 
of stones and ashes were shot up into the air to stupen 
dous heights The seas around were terribly agitated 
Waves lashed^ themselves into fury, and according to 
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reports, rose to a height of 50 feet and a few to even 
100 feet ! They invaded the shores of adjacent islands and 
played havoc over a Iar|e area. All the ships in the 
harbour were stranded. A vast quantity of floating pumice 
was carried for hundreds of miles on the surface of the 
ocean. 

The din of the explosions beggars description. They 
were heard over an almost incredible area— in West Aus- 
tralia at a distance of 1,300 miles, at Bangkok in Siam 
1,413 miles, in the Philippines about 1,450 miles, in Ceylon 
2,058 miles, and in South Australia 2,250 miles away ! But 
this is not all. Towards the west, south-west and due south 
the wide expanse of ocean presented a smooth, unimpeding 
sea of air for the sound waves to travel through. Thus 
the detonations were heard at Rodriguez, a small island 
north-east of Mauritius, and nearly 3,000 miles away from 
the scene of outbreak ! Even at distances of over 2,000 miles 
they were heard like the reports of heavy guns ! The farther 
passage of the sound waves in or beyond some of the coun- 
tries was probably blocked fay high mountain ranges. The 
intensity of the sounds must have been at the source nearly 
9 million times greater than in distant Rodriguez, where, 
as was subsequently ascertained, they reached about 4 
hours after the outburst, a period of travel quite in accor- 
dance with the velocity of sound. If we describe the circle 
of probable travel of these sounds, we shall find that its 
centre would shift to a point somewhere south-east of 
the volcano, and that its diameter would be at least 
4,500 miles, considerably over one half of that of the earth ! 

A comparison of the range of audibility of a huge 
dynamite explosion with that attained by the Krakatoa 
detonations is not without interest. In September 1932 
occurred a terrific dynamite explosion at Leeuwdoornstad 
in South Africa which was heard beyond Kokstad in the 
Cape Province, over 375 miles away! The thunders of 
Krakatoa, remarks Ball, were ‘ the mightiest noise that, so 
far as we can ascertain, has ever been heard on this globe. ' 
It seemed as if Nature, in her wrath, fired a titanic gun 
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from the bowels of the earth, the shells which -left its 
muzzle being the volcano itself which it sent up flying in frag- 
ments and smithereens to amaxiinum height computed at 17 
miles or more ! If so tremendous was the vertical range of 
this ‘ gun still more amazing was the length of trajectory 
of some of its ' shells for according to one report they fell 
in some cases 250 miles away! Of targets there were 
innumerable. Forests, plains and towns in the surrounding 
islands were subjected to fierce bombardment. There^ 
was huge loss of life. No fewer than 36,000 souls perished 
in the disaster. Practically the whole island, which before 
the eruption was about 18 square miles iti area and had an 
elevation of 300 to 1,400 ft. above the sea, was turned into a 
submarine pit nearly 1,000 ft. deep. Several big forests in 
the neighbouring islands were wiped out, hut the area 
occupied by them was increased by masses of the material 
erupted. New islets also appeared in the sea. 

The eruptions caused atmospheric disturbance through- 
out the world, ' The atmosphere was struck such a blow 
says Professor Daly, ‘ that the air waves were registered by 
barographs during three complete journeys round the globe.* 
The sea waves rolled on to immense distances from the 
centre of agitation. The long wave reached even Cape 
Horn, the southernmost point of South America, 7,818 
nautical ( or 9,000 English ) miles away ! 

The Krakatoa outbursts produced certain other remark- 
able phenomena almost world-wide in their appearance. The 
finer particles of ash ejected by the volcano reached the 
upper layers of the atmosphere to a height calculated 
to have been nearly 20 miles and eventually spread over 
practically the entire globe. These particles made known 
their presence almost everywhere by the brilliant effects of 
sunrise and sunset glows. A reddish halo was observed 
round the sun. Glorious sunsets such as had never been 
witnessed before were now beheld in England and were 
ascertained to ^ve been simultaneous with similar phen^ 
mena elsewhere in the world. A comparison of dates anq 
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Other particulars conclusively showed that these wonderful 
sights were due to the Kr|3£atoa eruptions. 

The volcano, though since underwater, was active again 
in 1928 when it threw up lava and ashes, while columns of 
steam and water, 250 to 650 ft. high, were seen rising from 
the surface of the sea. 

Gorgeous sunrise and sunset colours similar to those 
seen in 1883 were observed soon after the eruptions of 
Mont Pelee { West Indies ) and Santa Maria (Guatemala) 
in 1902 and of Katmai ( Alaska ) in 1912, when a reddish 
halo was seen round the sun. In these cases too the ashes 
reached very high altitudes, and it is stated that the size 
of the particles could be calculated. In Nature of 23rd 
July 1932 appear reports of wonderful sunrise and sunset 
after-glows observed in South Africa in May, and it gives 
the substance of a report from Dr. E. ICidson, Director of 
the Meteorological Office at Wellington, of sunset after- 
glows seen in New Zealand from the second week of that 
month, which he describes as ‘ very beautiful, ranging in 
colour from pale pink to yellowish pink in the western sky, 
the appearance showing a certain amount of structure 
suggestive of thin high smoke.’ His Department has re- 
ceived several reports of unusual manifestations of halo 
round the sun. Similar sunset glows since June are also 
reported from Australia, where they have appeared all 
over the Commonwealth. These magnificent phenomena 
are all attributed to the volcanic ashes which rose at the 
Andean eruptions of April. It is estimated that a quantity 
of this material amounting to the 1500th part of a cubic 
mile in volume, blown to heights of 10 to 50 miles, would 
suffice to diminish the intensity of the direct solar radia- 
tion at high sun by one-fifth, and Humphreys considers 
that this amount, if continued for an indefinite period, 
would be capable of producing an Ice Age. 

The earth, it seems, is but a branch of that huge labo- 
ratory— the universe— where the master-hand of the Great 
Scientist is ceaselessly at work. But whil^ these tremen- 
dous experiments unfold an endless variety of phenomena 
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for the enlightenment and edification of Humanity, they 
often take, alas, a heavy toU of life I And as it is impossi* 
ble to believe otherwise than thaf He is working with full 
foreknowledge of the results of His experiments, one can 
only sigh * Inscrutable sometimes are the purposes of 
Providence!’ 



CHAPTER V 
The Giant Peaks of Asia 


Th’ increasing prospect tires our wand’ring eyes, 
Hais peep o’er hills, and Alps on Alps arise ! 

— Pope 


Aconca^a in South America is the loftiest peak in the 
world outside Asia with an elevation of 23,080 ft. It is 
difficult to ascertain exactly how many peaks there are in 
Asia exceeding this height. Noel gives an estimate of the 
total number of lofty peaks in the Himalayas. He states 
that there are 100 each 24,000 ft. high, 20 'giants’ of 
26,000 ft. and 6 ‘ super-giants ’ of 27,000 ft. Capt, E. St. 
Bimie, in his article on ‘ The First Ascent of Kamet ’ in 
the fourth volume of The Himalayan Journal, points out 
that there are at least 36 known summits higher than 
Kamet ( 25,447 ft. ) within reach of India. Still, to Noel’s 
total of 126, if we added Kangchenjunga, Godwin- Austen, 
Everest and the two Central Asian peaks, Tengri Khan 
and Tagharma, we would get the formidable grand total 
of 131 as the probable number of points in Asia which are 
higher than any to be found elsewhere on the globe! It 
must be borne in mind, however, that in a number of cases 
the same peak has two or more points rising 24,000 ft. or 
more and distinguished from one another by the suffix 
East, West etc. 

We have been able to trace 43 distinct peaks higher 
than the American giant. They are 


1, Kellas’ Dark Peak Rock, Himalayas — (Observation of 

height taken from the Rongbuk Glader, Tibet) 

2. Pauhunri ( Donlda), Himalayas— Lat. 27° SB' 52'' N. 

Long. 88° 53' 5" E 


3. Dunagiri (Dtonagiri), Himalayas 

4. Badrinath Peak, Himalayas, in Garhwal— 30° 44' 16'' N., 

79° 19' 26' E. ... 


I 23,160 it 
} 23,184 ft. 

23,186 ft. 
I 23,210 ft, 


1** 
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5. 

Cholpanglifc, Karaloram Range—Sd® N. 81® E. 

23280 ft 

6. 

Tnshul West, Himalayas, m Kumaon— 30® IS' 43^ N 
79®49'rE ... .. ... 

} 23.400 (t 

7- 

Gatirishankar, Himalayas, on the northern frontier of 
Nepal— 28® N. 87® E, ... 

} 23,440 K. 

8. 

Tengn Khan m the Sary Yasst Mountains, Central Asia 

23,450 ft. 

9. 

SankSsi, Himalayas, northern frontier of Nepal— 
27®58'13'N,86®28'32'E ... 

} 23,570 ft. 

10 

Golden Throne, Karakoram — 36® N. 77® E 

23.600 ft. 

11. 

Dayabang, Himalayas, northern fronber of Nepal— 
28®1&17“N,85®33'35''E ... 

} 23,762 ft. 

12 

Mutsiputra, Himalayas, northern frontier of Nepal . . 

24«I0 ft. 

13. 

Aling Gangri, Himalayas, In UieKhomum Province of 
Tibet— 33® N 82® E 

) 21,000 ft. 

14. 

Kahru, Himalayas, m Sikkim— 27® 36^26“ N„ 88®9' 15' E. 

24,015 fL 

15. 

Chamlang East, Himalayas, northern frontier of Nepal— 
27® 46' 27' N,87®1'21 E. 

} 24,020 ft. 

16. 

Cbomolhari (‘The Lily white Mother of Snow’), 
Himalayas, northern fronber of Bhutan, but in Tibetan 
territory-29® 49' 37' N , 89® Iff 43' E. 

j 24.100 ft 


N B— It IS one of the sacred Tibetan mountains 
venerated by Lamas and ^gnms There are 
hermit dwellers m us cliffs 


17. 

Akn (Aku?), Himalayas, northern fronber of Nepal— 
28® 23' 25 ' N, 85® K/ 12 'E 

J 24,313 ft. 

18. 

Jongsong La, Sikkim Himalayas ... 

24,340 ft. 

19. 

Kulhakangn, Himalayas, northern fronber of Bhutan- 
28®N.91®E. ... 

] 24,740 ft. 

20. 

Bride Peak, Karakoram ... 

24,764 ft. 

21. 

Jannu, Himalayas, between Sikkim and Nepal— 
27®4(y52'N,8S®5'l3' E 

( 25»t ft 

22. 

Tagharma, in the Pamir region, believed to be a part 
of the Beliit Tagfi Range, w&cd connects tile TTen 
Shan Range with the Hindu Knsh— 39® N. 76° E. 

1 


N B.— A Ukrameanexpedibon IS reported to have 
climbed to the summit of this peak in 1931. 


23. 

Nimo-Nimhng, Himalayas, south west of Lake Mann* 
sarovar.Tibet- 31®N.81®E 

) 25 360 ft. 

24 

Guila Mandhata. Himalayas, south-east of ManasarCvar 
-«1®N. 82®cE. 

} 25^65 ft. 
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25. Tirach Mir (observaUon of height taken from Cngit and 

Chitral) } 25,400' ft. 

26 . Nameha (Namcha?) Batw* Himalayas— 29® N. 95® E. 25,445 ft 

27. Kamet , Himalayas, -in Kumaon — 30® 55' 13" N„ 1 o,- , 

79® 38' 4® E. - ... | 25,447 ft. 


N. B. — ^Almost all the books which we have consulted 
give the height of this peak as 25,431 ft, but the 
figure we have given here is taken from the cabled 
report of the conquest of the peak by Smythe and 
other members of his party. 


28. Narayani, Himalayas, northern frontier of Nepal— 

28® 45' 39" N., 83® 25' 52" E 

29. Rakapushi, Karakoram — ^37® N. 75® E 

30. Nanda Dfivi 'or Jawahir, Himalayas, in Kumaon — 

30® 22' 31" N., 80® O' 50" E. 


} 25,456 ft 
25,500 ft 
} 25,661 ft. 


N. B. — This peak, says Mr. Hugh Rutlledge, ‘ impo- 
ses upon her votaries an admission test as yet 
besraad theic skill sad eadacsaos; a 
barrier ring, on which stand 12 measured peaks 
over 21,000 ft. high, and which has no depres- 
sion lower than 17,000 ft ; except in the west 
where the Rishiganga river, rising at the foot of 
Nanda D6vi and draining an area of some 250 
square miles of ice and snow,has carved for itself 
what must be one of the most terrific gorges 

in the world, 

The most indefatigable explorer of this region 
has been Dr. T. G. LongstaS who was responsible 
for six of the nine recorded attempts to reach 
the mountain. In 1907 Dr. Longstaff and General 
Bruce achieved the only crossing of the barrier 
wall which has ever been made ; from the north, 
by the difficult Bagini Pass (20,100 ft).’ 


31. Masherbrum, Karakoram — 36® N. 77® E. 

32. Barathor. Himalayas, northern frontier of Nepal— 

28®32'N.,84»ff52"E 

33. Gosain Than, Himalayas, northern frontier of Nepal— 

28® 21' 3" N., 85® 49' 21" E. 

34. Gusharbrum, Karakoram— 36® N. 77° E 

35. Morshiadi, Himalayas, northern frontier of Nepal— 

28® 35' 38" N., 83° 51' 46" E 

36. Nanga Parbat, Himalayas, in Kashmir— 36° N. ^5° E. 

24 


25,676 ft. 
} 26,069 ft 

I 26,305 ft 
26,483 ft 
}< 26,522 ft 
26.629 ft 
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37 Yass^ Himalayas northern frontier of Neoal— 1 , 

28‘'32 55*N^&10 3tfff E. i'lepai- J 26 650 ft. 

38 Dhaulagin {'^te Mountain) Himalayas northern 1 ortor,, 

fronuer of Nepal-29® N 84®E | 26 795 ft 

frontier of Nepal- \«7 7 qq,» 

27® 63 18" N 87® 7* 54* E> } 27799 ft. 

40 Peak Xin or Makalu Himalayas 27^ ft 

4L Kangchenjunga Himalayas, m Sikkim— 28® N 89® E 28 146 ft. 

42. Dap^^ or K 2 or Godwin Austen, Karakoram— SEf* H | 23283 ft, 

43 Everest northern frontier of Nepal— 28® N 87® E 29145 ft. 

The Himalayas are not a single continuous range, but a 
senes of colossal natural ramparts, 100 to 150 miles thick 
and with the Karakoram nearly 2 miles long, strength 
ened by massive skyscraper bastions nsing one alongside the 
other, towering one behmd the other, m almost endless 
succession, and clad m eternal snow What Byion writes 
about the great Alpine peak can with greater force apply 
to all these Asian giants — 

* Mont BUnc is the monarch of jsounbins 
They aown d him long ago 
On a throne of rocks lo a robe of clouds, 

With a dudem of snow ' 

Superb as the Alps are, the Himalayas have today 
a still stronger fascination for the foreign tounst Nooks 
and valleys, gay with flowers of lovely hues and bright with 
silvery cascades or pearly streams, are embosomed m their 
gnm and titamc elevations With their sublime grandeur 
and infinite variety of detail and natural beauty mailed 
nowhere else m the world, the Himalayas have for ages past 
furmshed many a theme for the poet’s song 

The Himalayas are held m great veneration by a very 
considerable section of the Hindus In V6dic times when 
the elements were worshipped, when the more awe* 
inspiring of natural phenomena had a divine significance for 
the Aryans, the majestic range of the Himalayas— a name 
which means abode of snow '—was regarded as the 
home of the god of storms, the mother of nvers and the 
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haunt of fierce wild beasts. Such a conception led to the 
belief that this mighty mountain range was the abode of all 
the gods. From time immemorial great souls have sought 
its enchanting retreats with their entrancing solitudes to 
enjoy the bliss of nearer communion with the Divine Spirit. 
Every peak, every river, lake, spring and cascade is 
hallowed by a legend of gods, sages and saints, ‘and as such, 
makes a strong appeal to the religious sense of the vast 
bulk of Hindus. Throughout the great epic of Maha- 
bharata, Himachala ( another name for the Himalayas ) is 
looked upon as holy ground, the beloved home of the gods. 
' He who thinks of Himachala, though he may not behold 
him, ’ says the sage Dattatriya to King Dhanvantari of 
Kashi ( Benares ) in the Manasa Khanda of the Skanda 
Purana, ‘is greater than he who performs all worship 
in Kashi. As the dew is dried up by the morning sun, 
so are the sins of mankind by the sight of Himachala. Nay, 
all beings that, at the hour of death, think of him and 
his snows obtain forgiveness for their sins. ’ ‘ In a hundred 
ages of the gods, O King, ’ winds up the sage, ‘ I could not 
tell thee of the glories of Himachala. ’ 



CHAPTER VI 

The Earth’s Atmosphere : The Upper Troposphere 

Though the Troposphere is a continuous layer of 
the Earth’s Atmosphere, we have divided it into two parts 
or sub-layers mainly for the sake of convenience. Mt, 
Everest, as we know, forms the highest limit of the earth. 
We may consider— with due respect to the World’s Powers 
and to International Air Law— that altitudes exceeding that 
of Everest not being existent on the earth are the exclu- 
sive empire of the airman and of the ‘ space voyager * of 
the future ! We have therefore thought fit to deal with 
the rest of the Troposphere in a separate chapter, after 
bidding an affectionate ferewell to Mother Earth. 

For a long time we have been on the wings of imagina- 
tion. It is about three o’clock in the afternoon. We have 
just left behind our last foothold on the earth after a hardy 
climb, vertically measured, of nearly 9 miles, for that is the 
height from the level of the Hawaiian ‘ Inferno ’ to the 
‘Roof' of the Earth. Looking through our spy-glass, we 
notice a lammergeyer and a couple of those omnipresent 
birds of India, the crows— sole representatives of earthly 
life visible from this great height— as they fly below the 
summit of Everest. A veil of clouds blots out the Nei^lese 
side from our view. The tablelands of Tibet we see as 
scattered islands swimming in a thin filmy sea, indeed an 
ocean, of clouds, for our horizon radius is over 200 miles.* 
Cilr, airw{rifV*iwei-t*ihir imgihV' rfwutiniiK" lir 

succession past Gaurishankar, Dhaulagiri, Gurla Mandhata, 
Manasarovar, Raksbas Tal, Kailas, Nanda D6vi, Kamet, 
the Badrinath. K6darnath and Karakoram peaks, feasting 


• For ready calcubtion, with fair accuracy, of an observer’s honzM 
radius at a few rnUfi’ height above the earth's surface, the formula 
where h 19 his height la fell above the ground, may be used. 
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our eyes upon the majestic grandeur of the snow-capped 
heights stretched at our feet, though revealed to our view 
as a long archipelago of iSlets glistening from between thin 
sheets of mist Far in the west, as we gaze towards the 
horizon, we see the setting sun with a sky aflame with 
crimson and orange, while the higher slopes of the moun- 
tains below us, as we look back again and again, reflect 
its rays with a rapidly changing kaleidoscopic effect as the 
sun sinks lower and lower. 

On, on we fly in the latitude of the Karakoram, at 
something like 450 miles an hour, keeping all the while a 
thousand feet above the elevation of Everest, until at the 
end of about fifteen hours we find overselves over a certain 
place in the United States of America. Night is yet in its 
infancy here. Suddenly a large cylindrical object darts 
past with deafening detonations, belching forth tongues of 
flame, and after reaching about a thousand feet above us, 
rushes back towards the earth, for it evidently came from 
the earth itself. What remarkable object could this be? 
We shall know anon. 


(1) Height at which the Ionization of the' 
Atmosphere has been found to be 
nearly 6 times that at the earth’s 
surface 


9 km. = 
a little over 
5J nules 


Note 


The minute system called the atom consists of a central posi- 
tively charged nucleus and a negatively charged particle or particles 
termed electrons revolving round it. Certain elements like the 
metals radium, uranium and thorium have the property of emitting 
powerful rays capable of passing through opaque matter, and the 
branch of physics known as radio-activity deals mth the properties 
of these rays and the processes taking place within the atom which 
give rise to this emission. Materials which eject rays of this 
character are called radio-active substances. All radio-active 
materials emit three distinct types of rays designated by the Greek 
letters Alicia, Beta and Gamma. The first tjgo are streams of 
particles and the last are waves. The Alpha particles are the posi- 
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tively charged nuclei ol helium atoms, and they carry iwith th^ m 
the bulk of the energy that emanates from radio active substances 
They are hurled at a velocity compute at 12,000 miles a second 
and can deliver a blow with such force as to shatter the very heart 
of some atoms Their tracks can be tendered visible by suddenly 
expanding a mass of saturated air and immediately Uluminating it 
The Alpha rays can be deflected by au electric or magnetic field 
Although they can pass throogh even very thm glass, these rays 
are of considerably less penetrating power than the Beta or Gamma 
rays The Beta rays are streams of electrons, the negatively 
charged particles of the atom They are shot out at terrific \eIo 
cities, the highest speed approaching that of light which is 186,285 
miles a second, but like the Alpha rays they too can bo deflect 
ed by an electric or magnetic field The Gamma rays are a type 
of Ran^en or X rays of very high frequency, and they usually 
accompany the emission of Beta rays They are the most penetra 
ting of all the three rays and will penetrate through metal walls and 
other objects which stop the passage of Alpha and Beta rays The 
shortest of Gamma rays will penetrate 8 inches of lead, while the 
extent of penetration of X rays is only half an inch of the same 
metal The Gamma rays travel at the fall velocity of light 

The electriSed atoms or oppositely charged electric particles into 
which gases break up by the action of electric discharge or certain 
penetrating rays or by solar agencies are called tons Ionization is 
the phenomenon of such separation The ionization of the atmo 
sphere near ttie earth's surface is partly due to the presence of 
traces of radio active material m the soil under the lower layers of 
the atmosphere The vast majority of physiasts consider tlat 
the influence of the sun, if anyttiit^, in this phenomenon is very 
email By ascents in balloons and aeroplanes equipped with 
vasttusnenis, sciantisU have discxiveted that there is a decrease m 
ionization with height up to an altitude of about 3,300 ft but above 
this level it gradually increases This is attributed to radiations 
coming from outside the earth. Both physicists and astronomers 
are mterested in the mystery of these rays which are extraordinarily 
penetrating, more penetrating tiian even the Gamma rays from 
radio active atom^ and have been found to pass through great 
thicknesses of matter The mdividt^ rays bombard the earth with 
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6uch energy that only a wall of lead 18 ft. thick can intercept them. 
They are, however, not only ^nvisible but comparatively small in 
quantity. They are consequently very difficult to observe and 
cannot be photographed like the invisible ultra-violet rays or X-rays. 
They are detected by their ionizing action on gases. 

As a result of measurements taken in recent years many 
scientists have declared that these radiations are equally strong both 
day and night and have consequently come to the conclusion that they 
do not proceed from the sun but come from some other source. It 
has, besides, been found that they come to the earth from all 
directions. Sir James Jeans, the distinguished physicist-mathema- 
tician-astronomer, has put forward the theory that they are due to 
the annihilation of matter on the confines of space. These rays are 
hence called cosmic rays. Dr. E. N. da Costa Andrade, Quain 
Professor of Physics at the University of London, while stating 
that many arguments can be found in support of Jeans’s theory, 
adds that the origin of these rays is still in doubt. He remarks 
that their very nature, whether they are waves or particles, is at 
present uncertain and points out that investigations are still being 
energetically pursued both in Europe and America to ascertain 
definitely their source, composition and properties and are likely to 
yield valuable results bearing upon the structure and distribution 
of matter in space. 

One important property of these rays, by studying which scien- 
tists hope to gain an insight into their nature, is that they diminish 
in intensity as they pass through matter. Experiments in this 
direction have been made by Dr. Kohlhorster in Switzerland and by 
Dr. Robert A. Millikan, the most eminent American investigator 
of these rays, and his co-workers in America, by lowering recording 
electrometers to different depths in snow-fed lakes. In Lake 
Constance, Switzerland, the penetrating rays have been detected at 
a depth of 236 metres (nearly 775 ft.). Millikan and his collabo- 
rators have also shown that the rays are not homogeneous but of 
varying degrees of absorptivity. The estimated wave-length of the 
most penetrating of cosmic rays — assuming that they are waves and 
not particles— is 0'63 X 10“^® centimetre, a value so small that 
something like 40 trillion of these waves are required to make up a 
length of one inch ! According to Millikan’s calculations, the longest 



19 ^ 


\VONbERFUL UNIVERSfe 


cosmic rays are 18 times longer tiiM the shortest of them. The 
shortest ray has been found to penetrate 500 ft. into the earth’s 
crust. It IS owing to their exMedingly short wave lengths that 
cosmic rays, X*rays and Gamma rays are able to penetrate opaque 
objects The range of wave lengths included m the region 
commonly designated as X rays extends from 10~®to 10~*cm 
(about four millionths to four billionths of an inch), and that of 
Gamma rays from lO"* to 10“*® centimetre ( four bilhonths to 
4/10 billionths of an inch). 

Two American physicists. Dr. L. hi Mott Smith and Mr G. L 
Locher of the Rice Institute in Texas, report to the Amencan 
Physical Society that, in experiments they carried out to make 
visible the path of these rays, they appeared as a tram of tiny drop 
lets of water in a strong light — a rapidly moving train of thin, 
bullet like particles Simultaneously with the formation of each 
bullet track the experimenters observed a signal m a delicate elec* 
troscopic instrument called the Geiger*Mailer counter, employed to 
detect the arrival of the rays from the depths of space They con 
dude that only a swift*moviog partide like the electron could gne 
such mdications. It is contended by advocates of the wave theory 
of the cosmic rays that their behaviour as corpusdes is due, not to 
the track of the rays but to secondary electrons expelled from the 
atoms of air gases encountered by the rays m their path Kohl* 
harster is among those who think that these rays are high speed 
electrons, a view not acceptable to most physicists, for electrons 
entering the earth’s mi^netic field from outer space would spiral 
round the Poles, whereas according to them the rays are as power* 
ful at the Equator as anywhere else. Millikan maintains that the 
rays are fast moving non material waves like the G amm a rays of 
radio active atoms. He hM recently reiterated this view, reinfor* 
cing it by conclusions based on the discovery made by his collaho 
rator. Dr. Carl D. Anderson, that the cosmic rays can disrupt 1he 
nucleus of an atom. A third suggestion has been put forward that 
they may be photons or bullets of light — the individual splashes of 
radiant energy which constitute a beam of hght. 

Dr. W. F. q. Swann, Director of the Laboratory of the Barto! 
Research Foundation at the Franklin Ii^titute, Philadelphia, has 
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built and installed at Swarthmore (Pennsylvania) a 'cosmic-ray 
telescope’ with which he hopes to find out whether the radia- 
tions come with uniform %r varying intensity from different 
directions in space. This device is a highly sensitive electroscope 
consisting of two steel spheres filled with nitrogen gas, with a lead 
cylinder which acts as a shield between them. The conductivity of 
the nitrogen increases with the radiation from the cosmic rays and 
promotes the passage of more electricity to the recording instru- 
ments. But if the radiations proceed from one direction and one 
sphere is directed there, it will intercept a portion of them from the 
other sphere behind it, and this difference can be measured. 

It is considered that the higher mountain peaks in the north- 
west of India present a unique position for the observation of 
cosmic rays and atmospheric radiations, owing to the clearness of 
the air in these regions. Dr. Arthur H. Compton, Professor' of 
Physics at the University of Chicago, some years ago came to India 
Specially to make observations of cosmic radiation from some of 
these peaks. He has recently constructed a steel 'ionization 
chamber ' for measurement of the intensity of the cosmic rays, A 
short time ago he took measurements with this apparatus on the top 
of Mount Evans ( about 13,000 ft, ) near Denver, Colorado. Ac- 
cording to his findings, these rays vary in intensity with altitude as 
well as with the time of day, i.e,, with the intensity of sunlight. He 
found an average difference of 1 per cent between the twelve day- 
light and the twelve night hours. The conclusion is reached that 
this variation, unless due to some unknown atmospheric pheno- 
menon, suggests that the portion of space in the neighbourhood of 
the sun emits cosmic rays more copiously than the more remote 
regions. He also measured their intensity at different latitudes and 
found that there was a difference of 24 per cent in the strength of 
the rays at the Equator and at the Magnetic Pole. He hopes he 
will shortly be able to prove the electron or particle theory of 
these rays. Compton’s new announcement only deepens the mys- 
tery of the cosmic rays. It is not too much to say that the pheno- 
menon of cosmic radiation has so far baffled the best scientific minds 
of the day and that some time must elapse before there can be an 
authoritative and more widely agreed theory as to their origin 
and nature. 

25 
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In India too the subject of cosmic radiation has been recently 
receiving attention at the hands of physicists. An expedition to the 
moantain heights of Kashmir imdfir Che leadership of Mr. J. M. 
Benade, Professor of Physics at the Forman Christian College, 
Lahore, shortly following the snmtner of 1932, made observations 
at various summits ranging from 13,000 to 19,500 ft. in elevation. 
After taking readings with the Compton apparatus at a level of 
19,500 ft where the party spent two days and nights, Professor 
Benade made further observations by mMng of his own electcocne 
ter, an apparatus with a thin walled ionization chamber and light 
shields of various metals. He announces that he has obtained 
interesting and perhaps new data with this apparatus The 
maximum height from which observations were made probably 
represents the highest land devation from which cosmic radiation 
has yet been studied. Additional observations were made at suitable 
places on the return journey, the most interesting bemg those imde 
386 feet underground m a tunnel of the Mandi Hydro Electric 
scheme. The members spent a number of hours m this tunnel 
where they were effectually screened from cosmic rays, so that 
they were able to obtain data which they hope will be helpful in 
ch^ing the formulae used in calculating the results of all toeir 
observations. 

(2) Average Altitude of Cirrus Clouds ... About 30,000 ft. 

Note —A new method ol computing the height of clouds has been lately 
devised We may reproduce in this connection an extract from Poi>ular 
ileohanics Magazme of June 1^1 — 

* To enable Airports to measure accurately the height of clouds above the 
ground, a powerful searchlight has been made which utilizes a comparative 
ly smaU bulb. The light projects a very narrow beam with such Intensity 
that a newspaper can be read 5 miles away by Its rays Although the lamp 
used i3 only S or 6 times the size of the ordinary bulb used tn the home, 
eSaeocj' ol liie reSffctcT system co/apeosalea for iius Tbepnncipalglass 
reflector is in the form of a parabolic mirror, vvlucb throughout its surface 
IS focussed directly on the lamp filameat. The light, containing a 420 watt 
bulb, produces 1,840,000 candle power.’ 

The projection of light was recently detnonstrated at Oevelaod, Ohio. 
U5A., by an airport and airway hating engineer of the Wesunghouse 
Electric and Manufcctunng Company The light was projected from a 
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searchlight throwing a narrow beam over Lake Erie. The beam over its 
course spread only 12 ft. a mile. The narrow beam makes possible the 
determination of the height of clo^ifi banks more accurately than by previous 
methods. 

(3) World’s Altitude Record fora Sound- 1 
ing Rocket J 

Note — ^This particular rocket was constructed by Dr. Darwin 
O. Lyon, an American rocket expert, and was fired on 29th January 
1929. It was over 8 ft. long and carried in its tip apparatus for 
registering atmospheric pressure and temperature besides a contri- 
vance for obtaining a sample of upper air. At the height it attained, 
the density of the air was found to be 0-28 of that at sea 
level, its temperature -18®F. (-28®C.) and composition almost 

e.xactly the same as that found at sea level. Lyon's next rocket, a 
large object nearly 12 ft. long and weighing, minus fuel, 132 lbs,, 
was constructed on the principle of sections, one rocket being placed 
within another. In this method as soon as one section finished its 
work, its empty shell dropped off and automatically ignited the 
charges contained in the section above, so that, each time a section 
went off, the machine became lighter and propelled itself with the 
velocity imparted to it by the section that had just dropped off. 
In the foremost section were placed recording instruments and 
a contrivance for securing a sample of the air at the highest 
point which the rocket would reach. In front of these in- 
struments and folded into the tip was a parachute to which the 
case containing registering apparatus was attached. Immediately 
below this case was a 7-inch gyroscope intended to keep the rocket 
in the right course. This elaborate machine, however, met with a 
disastrous end on 2nd February 1931 in the course of its trial on 
a somewhat steep slope. The rocket was travelling in a ski- 
carriage, but after going a few yards began to slip sideways, when 
one of the mechanics endeavoured to correct its direction with a 
pole. The pressure thus exerted on the axis of the gyroscope 
loosened it from its bearings, and it fell downwards through the 
rocket with the result that the whole charge in it exploded at 
once, killing one man and seriously injuring two others. Lyon is 
however zealously pursuing his dangerous experiments and, with 
the combined efforts of himself and other rockefexperts, the time 
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may come when rockets carrying anlomatic mstrnments become a 
valuable auxiliary in the conduct of meteorological observations 

It may be of interest to know what velocity the wind is 
capable of developing at such a height A few years ago an aviator 
m America, attempting an altitude record near Dayton, Ohio, found 
the wind at a height of about 6 miles from the ground blowing West to 
East at about 300 miles an hoar I He experienced no abnormal 
winds at the time be left the ground 

In England, for the last 14 years fiie Meteorological Department 
has been under the administrative control of the Air Ministry, an 
arrangement which has done mnch to bring about intimate co opera 
tion between the airman and the meteorologist Furnished with 
the necessary instruments, airmen meteorologists make aeroplane 
ascents and take observations, bat as the method is expensive, the 
work IS confined to a height of about 20,000 ft Yet the results 
were found to be so valuable that this m“thod was quickly adopted 
by meteorological services to several other countries also Bnt as 
the aeroplane is driven by a powerfnl engine whicb causes the entire 
craft to vibrate and strongly beats the nir m the immediate vicinity 
of the structure, it has be^n found necessary to design special appa 
ratus for use on aeroplanes In England the instruments used are 
of the type in which readings have to be taken on a scale or dial 
Ascents ace made twice a day The pilot wears electrically heated 
clothing and carries oxygen apparatus A writing pad is strapped 
on his knee to facilitate the recording of observations* On the dash 
board in front of him is an accurate aneroid barometer, and within 
easy reach is a pair of thermometers projecting from a metal case 
connected to a broad duralumui pipe, the other end of which is away 
out on the wing facing forward When the aeroplane is m flight, 
a stream of air will rush through the pipe and over the bulbs of the 
thermometers With its bulb wrapped in muslin, one of these m 
struments, which is capable of being depressed into a Dewar flask 
containing water, will give the wet bulb temperature, from which 
the humidity of the air can be ascertained This device makes 
possible adequate moistening of the wet bulb even when the tern 
perature of the air is considerably below freezing point The pilot 
watches bis barometer closely and reads his thermometers at certain 
definite values of the pressure which of course falls steadily with 
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height. At the same time he makes notes of the clond forms and 
visibility. On alighting at the aerodrome, he codes his readings 
for transmission to the Meteofclogical OflSce of the Air Ministry. 

In other countries, especially Germany, Belgium and America, 
automatic recording instruments are preferred, as they relieve the 
pilot of a considerable amount of work. 


(4) World’s Altitude Record for 
Observation Kite 


•) 974 km. = 

6 ra. 154 yds. 
J (Htmphreys) 


Note.— At the great Lindenburg Meteorological Observatory near Berlin, 
observation kites and hydrogen-filled rubber balloons, with instrumenta 
attached to obtain the atmospheric pressure, temperature and humidity at 
various levels, are sent aloft by an electrical windlass. The readings are 
recorded on paper cylinders attached to the instruments. The kites and 
balloons are at last hauled down by the windlass. The weather reports are 
then broadcast to the European air-ports. The observatory has a radio 
tower 295 ft. high. 


(5) World’s Altitude Record for Seaplane or I 
Flying Boat I 

Note.— This height was reached in a seaplane flight by the American 
Navy flier, Lieut. C. C. Champion, some years ago. In 1929 Lieut. Apollo 
Soucek, a pilot of the United States Naval Air Force, attained a higher 
altitude in a land aeroplane fitted with pontoons. 


(6) World’s Altitude Record for Balloon car- \ 
rying two men in open basket J 

Note. — ^This record was set up by the German aeronauts, Siiring and 
Berson, as long ago as 31st July 1901. The temperature registered at this 
height was -42° C. (-43-6° F.). 

It may be of interest to note that a Butman drawing master of Tavoy 
named U. Kyaw Yin, who has never seen a balloon in his life, has constructed 
a crude one of his own design. It is buoyed up by smoke produced by burn- 
ing rags of gunny bags soaked in crude oil. Kyaw Yin performed some 
acrobatic feats and hung upside down from his balloon at a height of over 
1,000 feet at a trial ascent which he made in 1929 in the presence of the 
Deputy Commissioner and other officials at Tavoy. The balloon is 60 feet 
in height and 30 feet in diameter. 


(7) World’s Altitude Record for 1 37,854 ft. = 

Aeroplane carrying two men j f- ^Syds. 

Note. — This record was set up by Capt St. Clair Strfttt and CapL A. W. 
Stevens of the U. S. Army Air Corps at Dayton, Ohio, in 1929. 
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(8) Highest Altitude from which 
Aerial Photographs have been 
taken f 


37^ It- 
7m tf TSyda. 


fiote~The photographs were taken by Stevens at the flight iuat 
referred to. 

Aenal photography has latterly made great gtndes in countnes more 
advanced in aviation We have come across a notable instance of a very 
distant object lying beyond (he farthest range of vision having been photo- 
graphed from the air. Photographs recently taken by an American Army 
officer from an aeroplaneflymg ataheightof 17.000 ft revealed a monntain 
over 200 milea away The significance ol this fact viU be better realized 
when we point out that the horizon distance which one would command at 
this height ts about 160 miles whQe the mountain lay miles farther 


(9) *Halt!Beware!’wams the mysterious Voiceagain — 


* Roof of the Troposphere, or End of the' 
Storm bearing Area, the first or lower 
layer of the Earth's Atmosphere 


38.280 ft- 
7m2t 


Note —The air pressure here would be about liSth of that at sea 



* 

CHAPTER vn 


The Earth’s Atmosphere : The Tropopause 

As stated at the beginning of Chapter III, the Tropo- 
pause is the boundary region between the Troposphere and 
the Stratosphere. Clouds are not usually found in this 
region except in tropical latitudes. 


( 1 ) 


World’s first penetration of the Tro- 
popause in Aeroplane Solo Flights, as 
‘officially’ recognized 


n 


41,790 ft= 
m. 7 f. 70 yds. 


Note, — ^The German airman, Willy Neuenhofer, reached 
this height on 28th May 1929. The temperature recorded at the 
top of the flight was about -55® C. ( -67® F. ), There are a 
few earlier instances where airmen have been reported to have 
flown past the ‘ Roof ’ of the Troposphere, but their records were 
either not referred to or were disavowed by the FSdSratian Inter- 
nationale A6ronaatique. For an aviation or aeronautical record 
to acquire the status of a word-record, it is necessary that it should 
be confirmed by this body or by an Aero Club or similar other in- 
stitution which is a member of it. Records so ratified are known 
as ‘ official ’, and those either not referred for recognition or 
achieved without strict compliance with the rules of the F6d6ra* 
tion, are called ‘ non-official Neuenhofer’s record was duly con- 
firmed by this body. 


Some Pertinent Queries : 

( i ) Is an airman at this altitude safe everywhere from anti- 
aircraft artillery attack ? 

( ii ) Is there any artificial light in the world that can spot an 
aeroplane at such a height in clear weather on a dark 
night and hold it in its beam ? 


(2) Vertical Height to which Shells can be fired ) 
by America’s Anti-aircraft Artillery GwnJ 


42,000 ft. 
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This is a mobile gun of 3 inch calibre, weighing over 8 tons 
and firing 15 Ib shells It can fire 25 shots a mmute, can be 
swung round through SfiO* and has d horizontal range of 60,000 ft 
It has an average elevation range of 75° which, to our knowledge, 
IS the highest angle of elevation at which an artillery gnn has been 
so far designed to fire At an emei^ency the gun can be rushed 
from place to place at a speed of 40 miles an hour It has been 
adopted as the standard equipment by the Anti Aircraft Section 
of the United States Ordnance Department, whidi now owns a 
number of batteries of these gons It is claimed that this new 
gun represents the high water mark in the field of artillery moderni 
zation 

It rmy be mentioned that, at a vertical fire, a shell does not 
travel throughout in a straight line Owing to the action of 
gravity, it gradually leaves its straight coarse and begins to travel 
m a parabohc curve The greatest height above gronnd reached 
m the course of its flight is called the ‘ vertical height attained by it, 
which, m the case of this new American gun, is stated to be 42,000 
ft* The actual distance in a straight line, covered by its shell at 
a vertical fire, represents the hypotenuse of a right angled triasgle 
having for one of its other sides the Ime of perpendicular height 
reached by the shell, and will be fouud by trigonometrical calcu 
lation to be 43,481 ft. 

France has designed an aoti aircraft gnn which can fire shells 
to a vertical height of 12 km* ( 39,370 ft = 7 m 3 f 115 yds ), 
and initial tests carried out at Toalon early in 1932 were found 
satisfactory 

An anti aircraft gun has to face a special problem m bittmg an 
object, as its target is moving m three dimensions A curved 
trajectory has to be eliminated as far as possible These weapons 
are therefore designed to have a flat trajectory, or rather one with 
the least possible curvature, besides a high muzzle velocity 

3 and 4 mch guns are now controlled by an anti aircraft director, 
a highly delicate multiple instrument consisting of a number of co- 
ordinated instruments and extremely complex in operation One 
part of it is a range finder, which enables the gunner to ascertain 
with accuracy the altitude of an aeroplane in flight This height 
recorded, anotb^ part of the instrument locates the target accn 
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rately, caicnktes its ground speed and also foretells its location at 
the precise moment the shell is timed to burst on attaining the 
calculated height at a pre-detAmined point in the air. 

Besides the batteries of 3-inch land gnns, America’s naval arm 
includes anti-aircraft naval gnns of the most modern type. Her 
latest 32,000-ton Super-electric Dreadnanghts, capable of attaining 
a maximum speed of 20i knots, are armed with powerful guns, 
operated electrically, which can be elevated to a high angle and can 
fire 5-inch shells at hostile aeroplanes or balloons flying over the 
ocean, up to a height of 4 miles straight up. These mammoth 
battleships are also fitted with aeroplane catapults, which would 
enable fast and powerful bombing aircraft to leave the vessels at a 
moment’s notice and give battle to enemy aeroplanes flying 
high above. 

Besides special artillery guns, other powerful anti-aircraft wea- 
pons — or rather devices — have been manufactured in recent years, 
viz,, searchlights of extraordinary candle-power. 

A searchlight is an electric arc lamp furnished with special 
contrivances to throw the light in any required direction. The dis- 
covery of the electric arc is due to the great scientist, Sir Humphrey 
Davy, the inventor of the safety-lamp for coal-miners. In the 
searchlight, the light of the arc is focussed by a reflector and projec- 
ted as a bundle of parallel rays of high intensity, the illuminating 
power increasing with the size of the projector. 

Americahasabatteryofanti-aircraftsearchlights of 1 billion and 
1,400 million candle-power respectively, which are operated by elec- 
tricity. The former can throw a beam to a distance of 35 miles 
and it is said that, 10 miles away from the source of any of its 
beams, a newspaper can be read by its light, and that near the source 
its blue-white ray has the same intensity as the noon-day sun! Be- 
sides these, America is installing a still more powerful searchlight 
offered by the New York inventor, Sperry. It is of 2 billion candle- 
power, and is meant for use in peace time as an aerial beacon for 
aviators during night-flights. Its fight at the source is expected to 
be so dazzling as to exceed the intensity of midday sunlight by over 
10 per cent. It will revolve at the top of a tower which projects 
125 ft. above the roof of a skyscraper standing on a lake-front in 
Chicago. It is claimed that this searchlight is df^able of throwing 

26 
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on dear nights a beam to a distance of 500 miles, which will sweep 
m a hi^e arde touching one fourth of the total number o! SLites 
in the Union f 

France has a gigantic searchl^ht of 3i billion caudle power Ug 
beams of light flash messages m code, to guide aviators at night. It 
IS controlled by radio The radio control, a wireless apparatus, is 
miles away from the lamp and operates a shatter so that the code 
messagesaretransmittedmflashesof light Thelampcan be elevated 
up to an angle of 90® for operations a^inst hostile aircraft 

A British firm of electrical engineers has constructed two mam 
moth searchlights, each of 3 J billion candle power, to the order of a 
small Edtic State, to be used for coastal as well as aenal defence. 
In order to increase the utility of the projector to the utmost, spe 
cial arrangements are provided for effecting control of its movements, 
either locally or from a distance The distant control is operated 
electrically, and if necessary, the operator can be stationed miles 
away JThe light has an elevation angle of 90® These searchlights 
are of massive size, the apparatus being about 14ft in height and tbs 
projector approximately 7 ft to diameter Each of them can throw 
a beam to a distance of 300 miles The spread of the beam, 
2 miles from the mirror, is 150ft When m action against an enemy 
naval squadron, its tremendous range will be reduced by the earth s 
curvature to less than 20 miles Id operating against invading 
aircraft, its gigantic rays will sweep th" skies with a powerful blind 
ing glare, until the raiders are caught in the deadly beams at what 
ever height they may be flying 

Powerful searchlights can direct anti aircraft guns to their target 
at n^ht, so that the two different weapons can be brought into 
action simultaneously When, however, dense clouds bang over the 
searchlight station, the usefulness of both these weapons will clear 
ly be limited 

(3) Highest Altitude at which Instrumental "I 

Music has been heard through a Radio J- 42 coo ft. 
Receiving Set J 

Note A jazz orchestra playing on the earth was listened to at this 

great height fay the balloonist mentioned in Item 4 below the mnsic ctuniDg 
in dear and loud on^^s radio 
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(4) World's Unofficial Altitude Record for) 42,470 ft = 
Balloon Solo Flights j 8in. 76 yds. 


Note 

The balloonist was the American flier. Captain Hawthorne 
Gray, bnt his record was disallowed by the Feddration Internatio- 
nale Aeronautiqne, as owing to his balloon falling faster and faster 
he had to make a parachute leap while 8,000 ft. above ground. For 
an altitude record to be officially recognized, the whole flight should 
be achieved without resort to the parachute. Gray made a second 
attempt to re-establish and, if possible, to beat his own record, 
but with fatal results. On the second occasion it was claimed 
on his behalf that he had reached the same altitude as on the first, 
but this record too was disallowed, as he — or rather his body — ^was not 
found to be in ‘ possession ’ of his instruments. These two ascents 
were made in 1927. At this altitude, the temperature registered at 
the Erst flight was -55® C. ( -67® F. ), and the air was found to be 
5 times thinner than at sea level. 

Experiences at High Altitudes 

Away from his natural surroundings on earth, man is liable 
to four kinds of sickness : sea-sickness while at sea ; air-sickness 
while flying at ordinary altitudes ; mountain-sickness at elevations of 

10.000 to 20,000 ft. on mountain heights ; and ‘ altitude-sickness ’ 
while scaling lofty peaks after 20,000 ft. or while flying at an altitude 
exceeding this. 

Two American airmen, on reaching an unofficial altitude of 

39.000 ft., saw just below them the following interesting phenome- 
non, says Popular Mechanics Magazine of May 1929 : — 

‘Ice caves, apparently hanging in festoons in the air, and decked in all 
the brilliant colours of the rainbow, as the tiny ice particles broke up the 
sunh'ght, which presented an awe-inspiring sight. ’ 

This strange phenomenon is called a ‘Mirage of the Upper Air ’. 
One of the airmen dived down the aeroplane into these ice caves, 
removed a glove and stuck his hand out of the fuselage, with the 
result that it was stung in hundreds of plac^ by the minute 
ice particles. The oUaer airman exposed one side of his face to the 
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blast and got a bad ice blister. At the height reached by the airmen, 
the sky is said to have looked deep bine black * except for a brilliant 
ball of fire where the sun rode ^ 

In the thin and rarefied air at such an altitude, the sky appears 
magnificent m the depth of its colouring owing to the absence 
of dust particles The balloonist. Gray, describes its colour as 
* a deep, almost cobalt, blue \ 

Id the course of his remarkable ascent, Gray found it necessary 
to lighten his balloon Among other things he dropped, attached to 
a special parachute, a steel cylinder of oxygen weighing 25 lbs lo 
the rarefied air and owing to being weakened by the inhalation 
of oxygen for some time, he found the cylinder so heavy as to seem 
to weigh at least 150 lbs as he straggled to lift it over the rim of the 
balloon basket. 

As, during bis descent, the balloon was falling faster and faster, 
Gray similarly dropped (attached to parachutes) some more 
oxygen cylinders to lighten the balloon still farther He found that 
his balloon was falling much faster than the cylinders were 
descending, so that be was struck with wonder at the apparent eight 
of the cylmders soaring upward mstead of falling as his balloon 
dashed past Added to this singular illusion was the spectacle, farm 
liar to airmen, of the earth appearing to rise higher and higher 
to meet him instead of kts going down and down 1 

We may quote here as an instauce of Kalidasa’s vivid and pene 
trating imagination, a few lines from Monier Williams’ translation 
of the poet’s immortal drama, Shcikuntala In Act VII, Verse 8, 
King Dushyanta, as he descends from heaven m Indra’s car, 
and approaches the earth, describes his experience to the charioteer, 
Matali — 

* How wonderful la theappearance of the earth as we rapidly descend I 
Stupendous prospect I Yonder lofty hills 
Do suddenly uprear their towering heads 
Asavl the pkio, while from beoeath ^ix crests 
The ground receding sinks, the trees whose stems 
Seemed lately bid within then leafy tresses, 

Kise into elevation, and display 

Their branching shoulders , yonder streams whose waters. 

Like silvery threads but now were scarcely seen, 

Grow into mighty nvers , lo 1 tarth 
Setvxs upu.frd hurled iy some gigantic power,' 
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Sensations at Great Altitudes 

( Nearly all the information that follows is taken from 
Popular Science Monthly of September 1927 ). 

1. The extreme cold of high altitudes causes great physical 

discomfort. 

2. The flier is burned by the sun’s ultra-violet rays unless he 

coats his hands and face with grease. 

3. Respiration becomes difHcult as the lungs fail to function 

normally. 

4. The beating of the heart at times becomes audible, the 

hands and lips become blue, the breath freezes, and the 
moisture in the ear-drums and eyes has been known to 
freeze, causing intense pain therein and temporary deaf- 
ness and blindness. 

5. The slightest exertion causes acute distress, and the face 

requires the exercise of a strong will to make and read 
observations. 

6. If his oxygen gives out, it may mean disaster to the flier. 

‘ The insidious thing about running out of oxygen is 
that there is no gasping for breath, no danger-signal to 
warn the pilot. The figures on his instrument dials 
gradually grow blurred, the mind is wandering.’ He is 
overtaken by a terrible weariness, followed by uncon- 
sciousness, though there have been occasional instances 
where the airman has recovered consciousness in time 
to right his machine and make a safe landing. 

7. There is the ever-present sense of danger of the electric 

apparatus, carried by the airman to keep himself warm," 
failing to act — which means death ! 

8. ‘ An awe-inspiring spectacle down below — the earth, lying 

at a tremendous depth, seems to be swimming in its 
ocean of clouds.’ 

Equipment and Outfit for Altitude Flights 

The following particulars are drawn partly from Popular 
Mechanics Magazine of February 1928 and partly from Aero 
Mechanics of October 1929. • 
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I 4 At his record balloon ascent m 1927 Capt Gray wore over 
the heaviest of underwear two woollen shirts, a sweater 
and a winter uniform, and fn top of all these, a flying 
suit, leather ou the outside and reindeer fawn skin on the 
inside, with two thicknesses of heavy woollen blanket 
cloth between His flying clothes alone weighed 57 lbs 
2 Special Gc^les with double glasses for each eye piece 
separated by one inch air space which was warmed by 
an electric heater to prevent the formation of frost on 
the glass pieces Frost on the glass would completely 
obscure the airmans vision, and hence this precaution 

3. Leather Face Helmet lined with fnr 

4. Oxygen Mask — attached to the helmet 
5 Parachute Harness 

6 . Canister strapped to the chest, containing electnc oxygen 

heater 

7. Fur lined Gloves kept vrarm by an electric beater 

8 . Fleece lined Leather Moccasins for the feet 

A rentable climbing apparatus 1 

(5) World’s Altitude Record for Aero ) 43973 fus 

plane Solo Flights j 8 m .2 1 ns yda 

Note 

This record was established in September 1932 by Capt 
Cyril Uwms, a war tune pilot in the British Air Force and 
now chief test pilot to the Bristol Aeroplanes Company. His 
machine, a Vickers Vespa biplane, was five years old, and he used 
*a 550 horse power Bristol P^asus engine From the Bristol aero 
drome he climbed steadily for over two hours, and he eventnally 
landed m a ploughed field near Evesham Narrating his experi 
ence, he said — 

‘When. I reached 40 000 ft, I was surpnsed to find flyii® conditions 
rather bumpy At such heights the air is generally believed to be 
smooth For nearly an hour I was flying in a kingdom of intense 
coldness sitting in the cockpit occupying myself with breathing 

from my oxygen supply I intended to land at Filtoo 

but in the heavy hare I lost my beanngs Flying conditions 
were not gCK^f and I was relyu^ entirely on my oxygen supply above 
20,000 ft t f The macMe behaved perfectly’ 
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The temperature registered at the peak of the Sight was -72° F. 
( - 57-8° C. ). His record has been conSrmed both by . the Royal 
Aero Clnb and the F6deratioi} Internationale A6ronautiqne. The 
previous record was held by Lient. Apollo Soucek, a pilot in the 
United States Na^’al Air Force, who attained a height of 43,168 ft 
in 1931. 

The holder of the altitude record for the time being is sportingly 
styled in American aviation circles as the ‘ vresxet of the icide 
crown’. This title of comrse can only go to a Sier who achieves 
the record in an open cockpit or balloon-basket, as an airman going 
up however high in a sealed chamber or car will not be exposed to 
the minute ice crystals of the upper atmosphere. 

It is worthy of note that Soncek and Uwins are so far the only 
men who have taken a ‘ header-than-air ’ craft to a height beyond 
the range of the most powerful anti-aircraft gun of the day. 


How fast would a man fall from a great height ? 

This sounds like a strange question, yet it has engsged the 
serious attention of experts in countries where parachutes for 
airmen are designed and constructed. We shall reduce our 
question to a specific problem of Dynamics, but put in a different 
form ; — 

If a man fell from a height of 43,978 ft. above ground, how 
long would it take for his body to reach the earth ? 

According to the well-known formula in Dynamics — S^nce*= 
i gravity X iim^, it would take 52i seconds if we left out of 
account the resistance of the air. The im'tial speed of a falling body, 
i.e., its speed for the first second, is 16T ft. The velocity increases 
in each successive second owing to the action of gravity. Experi- 
ments have shown that this rate of increase is 32*2 ft. per second, 
so that the speed of the body during the 52nd second of its fall, 
assuming that it has been falling from a great height, will be 
1,658 ft. 

In this connection, the results of careful experiments made by 
the United States Navy’s Bureau of Aeronautics make interesting 
reading. Two articles appeared in Popttlar Scieitce Monthly of 
September 1928 and May 1929 respectively. In tft course of night* 
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experiments carried out preparatory to the designing of parachutes 
capable of standing the strain whidi they have to bear, dummies 
of the shape and average size and tve^ht of a man, carrying flares 
by v/hich their fall could be observed from the ground, -were dropped 
from an aeroplane flyn^ h^h A camera set up on the grouid, 
which had a shutter that winted at one second intervals, took photo 
graphs of the dummies in the course of their fall Their speed could 
thus be measured by the length of the streak of light on the picture 
after each second The tests showed that the dummies, after falhng 
about 1,600 ft , did not continue their fall any faster The explaua 
tion given is that air resistance prevents further increase in speed 
after this point is reached Speaking m general terms, a body after 
falling about 1,600 ft would reacdi its maximum speed or terminal 
velocity of 100 to 120 miles an hour-only about one half of the 
speed calculated with the resistance of air left out of account The 
writer of the second article goes so far as to remark that the pilot of 
this aeroplane has helped to revise the law of gravity so far as its 
practical application is concerned I 

Mr Charles Dixon, an ev observer in the British Royal Air 
Force, in his book, Parachutes /or Atrmen, says that the highest 
speed which a man attains durmg a fall never exceeds 250 miles an 
hour, a rate which, by the way *woaId at the worst bring ivater to 
the eyes if goggles are not worn, while it would not affect the 
breathing ' The terminal velocity of a falling body will therefore, 
according to Dixon, be readied after a fall of about 2,320 ft. 
covered in 12 seconds 

(6) ‘Back, back • Death waits ahead ’ ’ yells astentonati 
Voice — 

Point at which the air pressure becomes 
so low that, as altitude fliers describe 
It, the muscles of the body can no longer 
function to operate the lungs, so that 
a man who took m a breath of oxygen 
could not exert enough muscular action 
to expel it and would die 
Note 

Id popular Mechamcs appears the 

following explanation by a medical authority of what would happen 
to a man exposeiPto the conditions at such an altitude — 


In the neigh 
bourhood of 
45000 ft. 
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' Somewhere between 40,000 and 50,000 ft is undoubtedly the absolute 
limit for man, even when supplied with oxygen, under ordinary 
circumstances. Somewheie between these limits, the exact point 
varying according to the tempsratiue of the air, the barometric 
pressure is reduced to 100 mm. of mercury, in other words, the air 
win support the weight of only that small fraction of an inch of 

mercury From this atmospheric pressure must be deducted 

47 mm. of water-vapour, which accumulates in the inspired air 
before it reaches the lungs. This leaves 33 mm. possible available oxy- 
gen pressure if pure oxygen could be breathed. If a man was breathing 
absolutely pure oxygen, this would be sufficient to sustain life, but 
under no present available method of taking oxygen, either through 
a tube or a mask, does the oxygen remmn undiluted. It does 
become diluted by the nitrogen in the air. Also, under the effects of 
the diminishing pressure, nitrogen is given off by the blood, as in 
caisson disease, which attacks workers digging deep foundations. 
This nitrogen from the blood still further dilutes the air. If the 
oxygen pressure could be kept up to about 53 mm., it still would be 
necessary to maintain the carbonniioxide pressure.’ 

We shall nov7 give a clearer idea, from the view-point of mathe- 
matical physics alone, of the extent of reduction in the air pressure 
at an altitude like 45,000 ft. The barometer here will read about 
100 mm. or 4 inches, against 760 mm. or 29-92 inches at sea ley’el. 
The weight of a cubic foot of air at a given level is ascertained 
by the formula : 

1-3253 X Barometer Reading ia inches 
Weight ( m lbs. ) — 459.5 ..j. Temperature of Air in Fahr. 

Suppose the air temperature at a given moment, ^y, at the seaport 
of Bombay, is 78° F. The weight of a cubic foot of air here will be 
•07375 lb., and the weight of all the air in a room 12 ft. 8 in. long, 
10 ft broad and 12 ft high, will be 1 cwt., a result, incidentally, 
which shows that, in spite of the familiar phrase ‘light as air’, this 
fluid has appreciable weight. If, however, the air in this room 
were entirely replaced by hydrogen, the lightest of all elements and 
gases, the total weight of the gas in the room would be only 7 lbs., 
or again, if hdium gas were substituted, its total weight would 
‘ amount to 16‘8 lbs. Let ns now suppose that an aeroplane having 
a cabin of the above dimensions with a couple of open windows, is 
taken up to an altitude of 45,000 ft. The temperature there will be 
about -70° F. The whole of the air in this cabin vflU then weigh only 
27 
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1-3253 X 4 ,8 

In other words, the air the high level would press upon the body 
of a person in the cabin with a we^ht less tlan a fifth of -Bhat 
it was at the startuig place, and this pressure would be only 1 2S 
times greater than if the cabin contained helimn instead of air Th* 
relation between altitude and atmospheric pressure, as will be 
noticed from the above formula depends to a considerable estent oa 
the tempeiatnre -of the air 

How does an aeroplane behave at its ‘ceiling’, that is, the top 
limit of its flight ? It wallows with its wiogs and propeller 
slipping through the highly rarefied air, unable to ‘take hold Even 
a balloon, as large as the one used by Gray which was buoyed up 
by 80,000 n. ft of hydrogen, behaves little better Before it can 
teach the ‘ceilii^ , where the outside air is very considerably 
thinner, U refuses to carry the pilot s weight any higher The 
Amencan Army Eirpenmental Laboratory bad therefore designed 
and built an air tight metal balloon car /or Gray, but be sever 
'csed it, -as he considered it to be more dangerons than erposnxe 
in an open basket He pointed out that, while the air tight car 
woold keep bun m air at gronod level atmospheric pressure during 
a flight, it would make it impossible for him to leave the balloon for 
a parachute jump m an emergency The sudden translation from 
ground level pressure to the highly rarefied air -of the upper r^ons 
would be almost instantly fatal, the body literally blowing up from 
the pcessare within itf 

But dare devil pilgrims like ns who are bent upon going ‘higher 
still and higher , will take all risks, change here into such a car, 
furni<ih with large glass windows its sides as well as floor and mOinff, 
and proceed, despite the menacing Voice from the Sky! Let os hope 
there will be no more need for warnings from this source lest some 
-stiess?E«.s5 ^ tfeic. Tatty sfeonli dishaastenfid 1 

(7) * Halt, halt * Would ye break yourheads ? 'thunder 
ed the Voice — 

*/?oo/'of theTropopause,orEndaf "j 4500011. » 
the Boundary Region between the two f g jq. 4 1 40 yds. 
layers W the Earth s Atmosphere J 
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Note.— Tlie temperature here win be, as stated above, about -70’ F. 
(-57° C). 

That a voice from the dcy in these dajs need not be quite an oSspring 
of the ima^aHon is shovm bj the report that a device is soon to be used 
in suppresang tribal risings in Iraq and the Indian Frontier by the monster 
Vickers-Napier bombing aeroplane of the Royal Air Force, which will te 
eqmpped with microphones, amplifiers and loud-speakers. The apparatus 
is said to be capable of amplifying the human voice more than a millioa 
times ! The crew, instead of straightaway dropping bombs on the village 
WiD first utter into the microphones warnings and threats which will emerge 
from the loud-speakers as an awe-inspiring, booming voice from the sky! 
In these operaUons it is proposed to use this novel device from the midst 
of douds at a height of a few thousand feet. 

In dvil aviation, too, a voice from the sky is not unfamiliar In countries 
which are highly advanced in aviation. Powerful loud-speakers carried in 
aeroplanes are being used for what is known as 'sky-shoutirg' — the shouting 
of advertisements. In England prohibirion of this practice is now recommend- 
ed by- the House of Commons Select Committee on Sky-writing — the 
projection of lantern dides on to the sky. 



CHAPTER VIII 

The Earth’s Atmosphere : The Stratosphere 

This is the second or upper layer of the Earth’s Atmos- 
phere. Unhke the Troposphere it is free from storms and 
fogs. The informatjon available about this region and the 
rest of the Atmosphere above is incomplete, and in 
some cases the results of observations as announced are far 
from conclusive. In fact, these upper regions of the air are 
being continuously explored and, as a result, scientists from 
time to time bring forward new theories modifying and 
occasionally even overthrowing previous ones. Sometimes 
conflicting theories are put forward by scientists differing 
among themselves. These are factors which make it 
difficult for any but scientists of high attainments to 
accept one theory in preference to another. We must 
consequently deal with these regions of the Atmosphere 
with caution. 

One may wonder how it is that, while scientists have 
explored regions far away in the profundities of space— the 
Solar, Stellar and Nebular Systems— to a fairly wide extent, 
such a comparatively low region as the Upper Atmosphere 
has not yet completely yielded to research. Modem instru- 
ments like the spectroscope, the telescope, the micrometer, 
the spectrohelioscope, the interferometer, the radiometer 
and the thermocouple have enabled physicists and astro- 
nomers to wrest many valuable secrets out of these systems. 
Much of our knowledge of the Upper Atmosphere is 
drefiv^ forum 'Ouserv'^ciuws ‘cdsan* hiy nfi 

balloons equipped with self-registering instruments, but 
these contrivances have a ‘ceiling’ very far below the top 
of the whole Atmosphere. Consequently our knowledge of 
the constitution and physical properties of its upper regions 
Is incomplete. ®Such knowledge as has been gained js the 
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result of observations from the earth of shooting stars, 
aurorae etc. There are certain phenomena like cosmic 
radiation, for instance, wlUch carmot be thoroughly studied 
with the help of the automatic recording instruments 
available to-day. 

(1) World's Altitude Record for auto- I ,,, 
matic transmission of Wireless I- 
Signals j 


Note. — Ihiring the cruise of the famous German Airship Gref Zeppdin 
in the Arctic regions in 1931, four miniature balloons of a special type in- 
vented by the Russian scientist. Professor P. A MoltschanofE of the Aero- 
physical Observatory at Leningrad, and equipped with automatic meteoro- 
logical instruments and small radio-transmitters, were released from a 
special compartment built into the airship, and these transmitters signalled 
temperature and humidity values obtained from different altitudes. Three 
of the balloons attained heights of over 16 km., and it was found that at 
about SO® N. lat. the temperature in the Stratosphere at the highest altitude 
reached was - 50® C. ( - 58® F. }. The air pressure at such an altitude would 
be about lAOth of that at sea leveL 


(2) Highest Tropical Cirrus Clouds ... lo miles 


(3) World’s Altitude Record for 
Balloon carrying two men in a 
sealed gondola 


1 16,700 metres = 

}• 54,790 ft. or 

j 10 m. 3 f. 3 yds. 


Note 

The aeronauts were Professor Auguste Piccard, the famous^ 
Swiss physicist and meteorologist, and his assistant Dr. 2llax 
Cosyns, who reached the above mentioned altitude in the Professor’s 
second ascent to the Stratosphere on 18th Angust 1932 from Zurich 
in Switzerland. 

In his first ascent made in May 1931 from Angsburg (Bavaria), 
Piccard was accompanied by Dr, Kipfer. The balloon measured 181- 
feet from top to bottom. Taking a 10 hours’ supply of oxygen for 
a voyage estimated to last 7 hours, the two men hermeti- 
cally sealed themselves in an aluminium gondola which was fitted to 
the balloon. The interior was maintained at ground-level atmospheric 
pressure. The gondola was designed apparently in much the same 
lyay as the America Army Experiment^ I^bofetory did its met^ 
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bal/oOrf car for th6 use of Gray who, as mentioned in the previous 
chapter, never availed himself of i^ feeing that it was more danger- 
ous fhao exposure in an open basket. Piccard carried three para- 
chutes, two for releasing meteorological instruments and the third to 
be fixed to the gondola to bring its cttcupants back to earth. The 
object of the ascent was to take meteorological observations of the 
upper air and to carry out an exploration of cosmic rays. The 
aeronauts had an adventurous landing. Early in the morning foUowii® 
their ascent an innkeeper of the village of Gurgl, who saw in the clear 
weather a balloon lying on the Oetxel Alps in the Austrian Tyrol, 
hastened to the spot with a rescue party and found the occupants 
alive, After attaining a be^ht of nearly 10 km., they had come 
down and alighted smoothly the previous night on the Gurgl Glacier. 
The exact altitude reached by them, as subsequently announced 
officially by the Swiss Aeronautical Federation, was 15,781 metres 
(51,774 ft.). At this point the pressure was foond to be 1/lOfiiof 
that at sea level. While one side of the balloon was kept very 
warm thronghout, the other was exposed to the cold of the Stratos- 
phere. The lowest temperature recorded was -60® C, (-=76®?.), 
while within the gondola the thermometer showed 41® C. above 
zero (106® F.j as the black paint of the former absorbed considera- 
ble beat from the sun. 

Professor A. M. Low, the British scientist, made some important 
remarks in connection with this ascent. He thought it would be 
possible to reach even double the height, though a colossal balloon 
would be required for the pnrpose. Although for scientific purposes 
a great deal could be achieved between the heights of 10 and 20 
miles by the use of self-registering instruments without endangering 
buman life, it would not be possible to record automatically some of 
the observations which Piccard wanted to make, as the necessary 
instruments had yet td be revolved. Spectroscopic and other obser* 
vatioiis taken on the earth were affected by the smoke and fog of 
the Idwcr atmosphere. Piccard considers that observations from 
the Stratosphere may be of the highest Value to astronomy if the 
t>scilIations of the balloon in whidi the astronomer goes up cm be 
prevented. 

The nhnies of Piccard and Kipfer will go down in the history of 
aerial navigation^ the first then to reach and sail in the Stratosphere, 
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. In his secxrad ascent Piccard beat his own record. The gondola 
used this time was provided n^ith a porthole through which either of 
the occupants could put out his head up to altitudes where it was not 
dangerous to do so. They carried sufficient oxygen to last 36 hours, 
an ample food supply, chiefly fruits, two parachutes, an array of 
delicate meteorological instruments, a wireless equipment and 1,500 
lbs. of powdered lead as ballast for it. 40,000 people assembled at 
the Dubendorf aerodrome near Zurich at sunrise to witness 
this remarkable ascent. An aeroplane took off shortly before the 
balloon in order to film it, but was soon outdistanced by the balloon 
rvhich rose rapidly and disappeared from the view. Wireless messa- 
ges from the Professor kept the expectant world informed of his 
progress in the upper regions, and near midday he reported that 
he had crossed the Upper Engadine valley in Switzerland at an 
altitude of 16,000 metres ( 54,134 ft. ), that all was well, that it was 
very cold up there and that he would soon descend so as to avoid 
tbs risk of coming down in the Adriatic Sea. The baiioon evenfuaiiy 
landed on a wheat-field near Desenzano on Lake Garda in Italy 
after a further climb of some 700 metres. The aeronauts narrowly 
escaped death when the balloon landed. The Italian peasants of 
the place, apparently misunderstanding the Professor’s instructions 
given in French, instead of lashing the mooring ropes to trees, 
relinquished them with the result that the balloon at once shot up to 
a height of ISO feet and then crashed down, and the envelope was 
damaged. Only the wicker helmets worn by the occupants saved 
their lives. They nearly fainted on landing owing to the sudden 
change from the high altitude cold to the sweltering heat’of the Italian 
summer, but soon recovered. The temperature registered at the 
highest point reached was —36® C. {-32’8® F. ). The aeronauts had 
remained 12 hours in the air and travelled a distance of about 100 
miles. 

Piccard expressed great satisfaction with the flight. The atmos- 
'pheric visibility was perfect throughout. Even at the top of their 
flight they could see the earth clearly. Minor details of course were 
blurred in the landscape, but they could distinctly make out moun- 
tains, lakes and forests, and they could see both the Adriatic and 
the Mediterranean. The Professor expects that the scientific results 
, obtained will prove. to .be pf greai value. He Otnfirmed the ,i?.iscp* 
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very already made by other ph^icists that cosmic rays increase u 
intensity with altitude after a few thousand feet, and stated that 
finally he could feel them beating on the surface of the balloon and 
the gondola like rain ( Piccard contemplates making his next ascent 
from Hudson Bay m Canada, near the Magnetic Pole (which li« 
several degrees lower than the geographical Pole), with the objMt 
of studying the influence of cosmic rays He expressed his belid 
that cosmic radiation was directly related to cance^ 

In his second venture Piccard flew m iwo Stratospheres, bet it 
can be claimed that in his first ascent he sailed m one more I Lest 
any extravagant idea of his achievements should be forined from 
this somewhat cryptic remark, we hasten to explain its meaning 
The second flight coveted two territories m the skies, the 'Svjiss 
Stratosphere' and the ‘Italian Stratosphere’, while the first covered 
three — the ‘German Stratosphere, the ‘Austrian Stratosphere 
and the ‘Italian Stratosphere -^strange, nnfamiliar terms perhaps ' 
But the custodians of International An Law, for whom we have the 
highest respect, have drawn maps parcelling out aerial regions 
amongst the various powers— Great, Middling and Small— from the 
base of the Troposphere up to possibly the farthest limits, if at all 
there are any, of the earth's grovitirtiomiJ pitll ( as understood in 
physics and not in any sense of attraction or hunger for land or 
territory ) I 

Id Germany the Junkers Aeroplane Company has completed the 
construction of a Stratosphere monoplane designed by Herr Asmus 
Hansen, an inventor and one of the most skilled and erpeiienced 
altitude fliers m Europe It is said that it will shoot through the 
rarefied upper air like a rocket and fly at a height of 10 nules or 
more, where the absence of clouds, shifting wmds, storms, rain, light 
nii^, fog, snow or sleet and the crystal clearness of the air would 
enable an aeroplane to fly in considerably greater safety and the 
feeble resistance of the air would facilitate flights at tremendous 
speeds. At suchaheight the air is about ten times less dense than at 
the surface of the earth, and conseqnently both the driving power 
required and atmospheric resistance are as many times less, and in 
spite of the mtense cold no ice is formed and deposited on the aero- 
plane owing to the msigmficant quantity of water vapour present 
In the upper air. ^The wings and propellers of this machine are so 
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constructed that they are readily adjustable. The pilot can leng- 
then them when necessary and thus increase the ’plane’s ‘grip’ and 
maintain its buoyancy in the farefied air. It has a wing span of 
92 feet and is equipped with a Junkers Diesel engine of a new 
design burning crude oil. The motor is provided with powerful 
air compressors known as superchargers, to make up for the rarefac- 
tion of the air necessary for carburation. The diminution in driving 
power will thus be made good. The ’plane weighs nlearly 4 tons. 
Its metal cabin, which will be electrically heated and lighted, is an 
absolutely air-tight chamber with double walls, with 5-inch space 
betw'een, and double windows with panes capable of withstanding a 
temperature of -73° C. ( -100'’F. ) outside and plus 15-5° C. ( 60°F.) 
inside. Straight panes had been found to break under pressure 
even after they had stood the temperature tests , and for this reason 
glass of a new and special manufacture is used. The chamber will 
be equipped wdth filters to absorb the moisture of the occupants’ 
breath. The interior will be kept at normal air pressure, and the 
occupants will use oxygen throughout. The ’plane will carry a fully 
equipped laboratory so that the scientists on board may carry out 
tests of the air and other scientific investigations in the upper 
atmosphere. It will carry also a short-wave transmitter and recei- 
ver, which will enable the pilot to communicate with the earth at 
all times. The machine is described as the world’s most marvellous 
aeroplane, and it is expected to fly at a speed of not less than 400 
miles an hour in the Stratosphere. 

France has not been less active. Mens, Henri Farman, head of 
a famous French Aircraft firm, has just completed a similar but 
smaller monoplane to be used for a like purpose. It made a short 
trial flight recently. Its cabin is an air-tight duralumin cylinder, 
shaped like a capsule, 80 inches in length and 40 inches in diameter. 
It has small portholes like the one in Piccard’s gondola, through 
which the pilot can put out his head up to heights where it is not 
unsafe to do so. After a certain height they will be hermetically 
closed. The Farman ’Plane, unlike the Junkers machine, is wdthout 
windows. French experts point out that, if the double windows of 
the German machine should both break during its flight in the Stra- 
tosphere, it would mean instantaneous death to the occupants. The 
Farman machine, it is stated, may be able to dev^p the tremendous 
28 
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speed of 500 miles an hour m the thin region of the Stratosphere. 
In this connection the 1932 October, number of Popular Saercc 
Monthly makes the following interesting remarks — 

'At the latitude of Pans, a plane going 500 miles an hour could cirde 
the world in a single day Because this is true the first plot to 
head westward from the French capital at 5C© miles an hour literaDy 
will race with the sun Because he will be going fast enough to 
circle the earth in 24 hours, he will remain in a fixed posiUon in 
relation to the sun whfle the earth is spinning beneath him. If the 
Faiman plane heads weet at that pace, its pilot, Lucien Coupet, win 
be the first man since Joshua to see the sun stand stOl in the sk; T 
Another machine, a huge monoplane with wings of vatiaHe area 
designed by an expert French engmeer, is nearing completion. Its 
inventor expects that it will be able to climb 10 miles in 40 minutes 
It IS reported that the preliminary tests of Germany’s pioneer 
Stratosphere ’Plane — or ‘Stratoplane’ to use an abbreviated tena 
adopted by some writers— which has a theoretical speed of bettreen 
300 and 400 miles an hour after reaching the rarefied aif 6 miles np, 
have been satisfactory Its first flight is to be from Berlin to Nei? 
York and is expected to be made m 12 hours 

America is reported to be engaged in building a similar tnachise 
Great Britam does not want to lag behind in this new bid for supie 
macy of the air, and according to report, plans are afoot for the 
construction of a monster Stratoplane able to carry a large number 
of passei^ers 

If these Stratoplanes prove successful, as is highly probable, they 
will enable the world to add materially to its present stock of know 
ledge of the npper atmosphere 

(4) Height at which a Sounding Balloon 
IS reported to have registered a 
temperature of -133® F. (-^ C ) 
over the equator 
Mote — ^Sounding balloons filled with hydrogen are sent up at Itapcr 
tant weather stabons to ascertaiQ atraosphenc condibons They carry «eff 
recording thermometers and barometers to great heights and ulbmately 
burst A small parachute then bnngs the inktrunients gently bade to earth 
and they are thereafter examined In some countries as in India the Instru 
meats are tied inside a protected bamboo frame or cage and are usually 
sent up In the balloon without a parachute. The resistance of the air to 
the downward movefient of the deflated balloon acts to some extent as a 


11 miles 

(Fob Sc Monm 
Sep 1927) 
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brake, but for spedal purposes a parachute is sometimes used Sounding 
balloons often drift scores of miles away, in which case recovery of the 
instruments carried by them prs|ents great difficulty. A b^oon rdeased 
by the Indian Meteorological Department at Poona in August 1929, after 
bursting, descended at Girjutapalli, a village 3 miles from the town of 
Vikarabad in the Gulbmga District of the Nizam’s Dominions, over 250 miles 
away as the crow flies. 

(5) .Height up to which the Cbnsti-1 

tuents of the Air, with the escep- 1 ni miles 
tion of water-vapour, are well j* (E/ioc?.Br.,i929) 
mixed by winds and by diffusion J 

Note 

The normal components of dry air and the volume percentage in 
whidi they usually occur in it, according to Humphreys’ Physics of 
the Air, as also the approximate atomic weights of the elements 


present, are 

Constituent 

Volume percen- 

Atomic Weight 

Nitrogen 

tage in dry air 

78-03 

14 

Oxygen 

20-94 

16 

Argon 

0-9423 

40 

Carbonic Acid Gas 0-03 

44 (molecular weight) 

Hydrogen 

0-01 

1 

Neon 

0-0018 

20 

Helium 

0-0005 

4 

Krypton 

0-0001 

83 

Ozone 

0-00006 

48 ( molecular weight ) 

Xenon 

0-000009 

130 


Water-v'apour is present in the air generally to the extent of 1*2 
per cent which may increase to over four times as much, but it is 
almost absent in extremely cold weather. Ozone is one and a half 
times as dense as oxygen, and carbonic acid gas about the same 
number of times heavier than air. The composition of air varies, 
however, and the percentages of distribution of the constituents do 
not strictly depend on their atomic weights or densities. On the 
earth’s land surface, the composition is influenced by vegetation, 
latitude and proximity to the sea. Altitude too brings about changes, 
but the variations are not very great at elevations where breathing 
is yet possible without the aid of oxj'gen, • 
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Dr. J. R, Partiogtoa, Professor of Chemistry at the University 
of London, states that the atmosphere tends to settle dawn into lay 
ers according to the heaviness of its a/nstitnent gases, so that, above 
a height of 12| miles, the composition of the air would rapidly change 
through the heavier particles tending to descend to the bottom aaJ 
the lighter particles to rise to the lop. In the upper atmosphere, 
therefore, there would be considerably mot© hydrogen and heham 
than m the lower regions. 

The abovenamed tea gases along with water vapour form tb 
natural permanent constitnents of pure air, bat the atmosphere is 
always vitiated by the presence of what are called * impurities’ such 
as bacteria and other micro-organisms, gases givenoff from factonsa 
and by the decay of orgamc matter or those generated by dectncal 
phenomena lihe thunder-storms. 

(®) GrratKt Height reached by a Gun I 07 «i 3 mj« 

Note —During the Great War the Germans bombarded Pans ten a 
distance of 76 miles with long range gsns of specisl make iinng 265-Ib. 
shells This type of giant gun is since known as the * Big Bsrtba' Accord 
isg to Mons. Esnault PeUene the famous French scientist, these sheUshad 
an initial velocity of 1 400 metres ( 4,5^ ft } a second, and at a certsla 
mostent reached a height of over 18 miles The long range was attained 
by usi:^ this high velocity and hnog at an elevation of 55^ so that the 
shells swiftly passed through the lower la>er of dense air and reached the 
rarefied region of the atmosphere The Encycl Br {1939) states, however, 
that the greatest height of the trajectory was 24 miles. 

(7) Indian Altitude Record fora Sound 7 30krQ = 

ing Balloon ) is-fStnaes 

Note — This height was reached by a balloon sent up at Agra by the 
Meteorological Department m March IML 

Two important records of the temp-ratures registered at great alti 
tudes by sounding balloons sent up by the Department at its head-quarters 
at Poona are before us One sent up on 14th May 193D attained an altitude 
of 17 2 km. (lb 75 miles') and anottiet sent up on 15th August 1555 of 266faB 
(16 623 miles) The temperature registered at the latter height was -53 ff* C 
( -64 8'^ F. ) and at the former height as low as - 90® C ( - 130® F. ) 

(8) Indian Altitude Record for a Pilot) Mian = 

Balloon 5 

Note —This height was readied by a p3ot balloon sent up at Ahmeda 
bad by theMeteorolS^ical Departmeat la Match 1931 Pilot balioons carry i?t> 
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instruments and are observed as they rise, through special theodolites, for the 
determination of wind directions and velocities at various heights in the free 
atmosphere. % 

Both sounding and pilot balloons are comparatively small objects and 
are, of course, unmanned. 


( 9 ) 


World’s Altitude Record for a 
Sounding Balloon 


35-OS km. = 

21 m. 7 f. 88 yds. 
{Htimphr^s) 


Note.— According to Popular Science Monthly of September 1927, which 
gives the height in round figures (22 miles), this height vras reached by 
a sounding balloon sent up in Germany. The temperature registered at this 
height was -52“ C. ( - 62“ F. ) — (iVegrcHi <fi ZamSw). In Millikan & Gale’s 
Practical Physics is given the previous record of 21-8 miles, this height having 
been attained by a little balloon sent up on 7th December 1911 at Pavia 


in Italy. 


( 10 ) 

( 11 ) 


World's Altitude Record for a man- 
made device— a Pilot Balloon 


39 km. = 
24 m. 3 f. 

( Humphries ) 


Lowest Height at which Fireballs or") 

Glowing Meteors disappear in their )■ 20-30 miles 
fall J 


Note 


The Sanskrit name for a Meteor or Shooting Star is UIJ^ or 
Ulkitshi. 

Meteors are very small astronomical bodies travelling in count- 
less swarms through space. Many of them are smaller than a grain 
of sand and few bigger than a playing marble. Their orbits are so 
numerous that they intersect the earth’s orbit almost everywhere, so 
that they are continually encountered by the earth in the course of its 
revolution round the sun. They reveal themselves to our observation as 
aerolites, fireballs or shooting stars. Long before a meteor flashes into 
view, it has been hurtling across space at a velocity much greater than 
its rate of speed after becoming visible. This is due to the fact that 
its path up to its first point of visibility lies through space infinitely 
more void than that in the exhausted receiver of an air-pump. But 
as the meteor strikes the atmosphere, its velocity begins to diminish. 
At last, owing to its friction with the rarefied air of the upper atmos- 
phere, its energy of motion is converted into the' energy of heat,- and 
it rapidly becomes red-hot and bursts into vie#. But in a few 
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fleeting seconds, rarely more than two, it pensbes m a streak ot 
brilliance, being finally dissipated in vapour or impalpable dust 

The smaller shooting stars are consumed before they can pene 
irate very far The larger masses, however, which appear, not Re 
flying stare, but as brilliant fireballs lighting up the whole landscap* 
often descend much lower, sometimes as low as 20 to 30 mtl-s 
before their speed sufficiently diminishes to make them cease to glow 
The well known meteor showers belong to the Solar System acd 
move round the sun in elliptical orbits which mtersect the earth s 
orbit (which is also elliptical) at or near a definite point 

When meteors fall in daytime, they are s^en as white clouds 
The number of meteors that enter the atmosphere per hour can be 
computed more accurately than the duration of their visibility 

From a long senes of observrahons, one astronomer estimates 
that the average velocity of the fireballs ranges from 42 to 46 mil-s 
a second As such a speed is far above the limit for bodies belong 
mg to the Solar System, he concludes that they start from the 
depths of space and that they descend m a hyperbolic course It is 
therefore probable, he thinks, tiiat they abound m interstellar space 
As they msh across the atmosphere, they produce a roarmg noua 
and leave a luminous cloud m then trail Some of the larger ones 
as they descend look even larger than the moon Either owing to 
the sudden compression of the air m its path or to the accomiilabng 
pressure or to both causes, most of them ultimately break up into 
smaller masses with a loud explosion usually followed by unearthly 
sounds 

The astronomical study of meteors began only m 1833 On 13th 
November of that year, a meteoric shower of extraordinary bnl 
liance was witnessed from the eastern parts of North America. It 
was estimated that upwards of 200,000 shooting stars were ob- 
served at one place between midnight and dawn. Many of them were 
very bright and left persistent trams of iumioous matter Themort 
magnificent example of fireballs was the 'Meteoric Procession' of 9th 
February 1913 This remarkable cluster was first seen over Canada 
and, after travelling about 5,700 miles across the sky, was last 
observed over the Atlantic, but still pursuing a south easterly 
course. It consisted of four or five groups of 40 to 60 members 
each. Along thecbserved portion oftheir path, their height wasonly 
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about 35 miles. At many places in Canada their passage was accom- 
panied by a thunderous roar -^^ich even shook houses at eight sta- 
tions. It is on record that a similar phenomenon was witnessed at 
Cairo as far back as 1029 A. D. 

While the smaller meteors or shooting stars are burnt up in the 
upper air, the larger bodies sometimes fall to the earth, but consi- 
derably reduced in size. These are called meteorites. They vary 
greatly in size. The smallest discovered have been as small as a 
grape seed, while the heaviest and one of the largest, the Cape York 
meteorite, weighs 37a tons. It was found in Greenland in 1897 
and is now lying in the American Museum of Natural History. 
The total number of meteorites discovered runs to thousands. A 
big meteorite, if it falls on land, may cause devastation. On 30th 
June 1908 an extraordinary event occurred in the wilds of Siberia. 
At about 7 in the morning a huge meteor of dazzling brilliance was 
seen in the sky by thousands of people in the southern part of the 
Province of Yenesei. At what place it fell remained unknown for 
nearly twenty years, until in 1927 a scientific expedition traced it in 
the heart of a dense forest. At the spot where the meteorite struck, 
there is now an area many miles in diameter where the ground is 
'torn and furrowed as though by a gigantic harrow and pitted by 
large funnel-shaped cavities, like shell holes.’ All around this area, 
for hundreds of square miles, lie dead trees in countless numbers 
and the remains of vegetation scorched in a manner which shows 
that the scorching was not due to forest fire. The sudden compres- 
sion of the air under the huge falling mass must have generated 
intense heat and sent out a furious blast that uprooted and shattered 
the trees. At the nearest settelment, 40 miles aw'ay, people were 
scorched by the heat and houses were damaged. A storehouse was 
destroyed by fire and several tools in it were found in a molten state. 
A herd of 1,500 domesticated reindeer was wiped out of existence. 
Railwaymen working 400 miles away from the site of the fall felt 
the hot-air wave and heard a roaring noise. At the Irkutsk Obser- 
xmtory, 800 miles away, the wave was registered by a barograph and 
the shocks of the falling body were recorded by a seismograph. In 
London, over 3,500 miles away, six microbarographs recorded a 
mysterious rush of air, which lasted 20 minutes, as if a terrific explo- 
sion had occurred. This is probably the largest m^orite which has 



224 


WONDERFUL UNIVERSE 


Struck the earth in histone times, says Sir Richard Gregory, the 
famous scientist, ‘and its weight mos^ have been thousands o£ tons 

Meteorites are covered with a very thin, slag lOse crust of black 
produced probably by the intense heat to which they are subjected 
m their rapid passage through the atmosphere Those which ar“ 
composed mostly of crystalline rock ate called mefeonc stoMes w 
aerolites They contain small grams of nickel iron embedded la 
softer material Those composed almost entirely of mckel and itoi 
are known as meteoric irons or sidentcs There is anintermediat" 
group, the sidcroUte, which contains rock material and nickel iron 
m nearly equal proportions Besides iron and nickel, 24 other t*r 
restrial elements and 2 minerals not existing m the earths crust 
have been found in meteoritea 

In ancient and mediaeval times, the passage of a brilliant firabsii 
or of great meteoric showers or the fall of a meteorite was viewed 
with superstitious awe Such phenomena are sow objects of kevo 
delight, and astronomers observe and study them at every opporta 
nity An extraordinary meteorite fell in 1931 in the extreme sonlh 
of Tunis It rushed through the sky with a blinding flash and & 
thunderous sound and burst into fragments m mid air On the site 
of the fall, cavities were noticed in the ground similar to tboM 
produced by a 75 mUlimetre ( 3 inches nearly ) shell Pieces were 
picked up by French officers who witnessed the phenoujenon and 
were sent to the Rfuseum at Tunis Mons Alfred Lacroix, the 
Secretary of the Academic des Sciences de France, subsequently 
visited the place and, after exammmg the fragm“nts, s“nt a fall 
report to that body On 28th December 1931, a giant meteor as 
large as three times the apparent size of the moon was reported 
to have been seen at Lisbon passing over the city with the roar of 
an express tram and lighting up the country for miles around. It u 
behaved, to have fallen in the Atlantic 

According to Gregory, something like 400 million meteors— sol d 
particles each weighing only a few grams— enter the atmosphere daily 
Dr Harlow Sbapley, Director of the Harvard Astronomical Obser 
vatory, who is recognized as the greatest of modern Amencan 
astronomers, goes still further and puts down the probable number at 
one billion 1 o 
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(12) Average Height of the Ozone Layer) 50 km.= 
above the Earth’s Surface J sij mfles 

Note. — According to one authority, the lowest height of this layer 
above earth is 20 km. and its greatest height 80 km. This estimate gives 
an average height for this layer of 50 km., which is exactly the value deter- 
mined by F. W. P. Gdtz and G. M. B. Dobson in 1929 as its average height. 

The sun’s ultra-violet rays break down the oxygen molecules of the 
air into atoms, and the latter combine with the unbroken molecnies of 
oxygen in the atmosphere to form ozone. This ‘ozone-blanket’ absorbs 
a great deal of the ultra-violet radiation and prevents an excess of it reaching 
the earth. Too much ultra-violet sunlight would be as bad for living be- 
ings as too little. Were it not for this ozone-blanket which absorbs so 
much of the sun’s ultra-violet radiation, it is said that every living being 
on the earth would become blind by their effect. 

Both from observations by means of sounding balloons as well as from 
the reflection downward of the sound waves produced by an explosion it 
has been found that the Stratosphere is not, as hitherto supposed, a strictly 
isothermal or constant temperature layer but that the temperature in it 
slowly increases with height, though up to what height it does so it has not 
yet been determined. This gradual increase of temperature is attributed 
partly to absorption by the Ozone Layer of the incoming and outgoing 
radiations. 


( 13 ) 

( 14 ) 


Height at which average Shooting 
Stars disappear in their fall 


50 miles 


Approximate Height of the I 45-65 miles at evening 
Heaviside Layer j 60-85 m. in early morning 


Note 


Since the day when Marconi, the inventor of wireless telegraphy, 
first established a two-way communication betw'een England and 
America, the mode of propagation of radio signals round the curved 
surface of the earth has been engaging the attention of scientists the 
world over. It has thus been discovered that the atmosphere at 
great heights is in a permanent state of conductivity — a phenomenon 
ascribed to the presence of ions or charged electric particles into 
which the air gases break up under the influence of solar agencies. 
Radio waves shot out from a transmitter travel along bands of these 
particles and are reflected back to earth. These waves, unlike 
waves of light, follow the curvature of the ^th’s surface. The 
conducting layer is called the Heaviside or Kennelly-Heaviside 
29 



Wonderful Universe 

Layer, so named after Dr A E Kennelly, Professor of Electrical 
Engmeermg at Harward University, aniTProfessor Oliver Heaviside, 
a British physicist, -who discovered it some 25 years ago This layer 
prevents the escape of the radio uaves into space and makes long 
distance radio possible From the fact that the solar agents raamly 
responsible for the ionization m the upper atmosphere travel in a 
rectilinear course it is inferred that this ionization is produced hy 
the ultra violet rays and fast moving material particles shot out 
from the sun, and the evidence from so important bodies as the 
Bureau of Standards of Wadiingtonand National Researdi Council of 
Canada definitely establishes the importance of ultra violet radiahons 
as the chief ionizing agency for the Heaviside Layer The height of 
this layer varies from day to night Dr. Harlan T Stetson, Director 
of the Perkins Observatory at the Wesleyan University, Delaware, 
Ohio, considers that the moon al^ plays a part m regulatmg 
the height of the ‘ Radio Roof’ The persistence of the condoctivity 
of the upper atmosphere dutiog night must be due to the fact that 
at the low pressures prevailing at heights of the order of 100 km., 
the frequency of molecular collisions will be small and the average 
life of an ion will therefore be long 

At an instructive lecture delivered at the l9th Session of 
the Indian Science Congress held at Bangalore m January 1932, 
Professors K Mitra of Calcutta University gave an account of the 
extensive experimental work done by him to ascertain the height of 
the conducting radio atmosphere m Bengal The height has 
been found to vary from 45 miles m the evening to 60 m the early 
morning, gainst about 65 and 85 miles respectively m England 
The Professor has been expenraenting with echoes of wireless 
signals to measure the heights of the layer His method is an 
adaptation of that recently developed by Dr E V. Appleton, 
Wheatstone Professor of Physics at the University of London, during 
his experiments at the Slough Radio Research Station It consists 
m sending out electro magnetic wave trams of short duration from a 
transmitter and capturing the waves, along with the echoes caused 
by theif reflection from the Heaviside Layer, by means of a specially 
designed receiver placed a few miles away A remarkable feature of 
these echoes is thak^ometimes the echo is found to be stronger than 
the signal directly received, airf further, iMtead of a single echo, 
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very often two, three or four echoes are received in rapid succession. 
The abnormal strength and fnultiplicity of these echoes have been 
found to be most pronounced daring the 10 to 25 minutes immedia- 
tely preceding sunset. Mitra referred to a remarkable class of 
long-delayed echoes recently discovered by the distinguished 
Norwegian scientist, Professor Carl Stormer. These echoes were 
found to return to earth several minutes after the signals producing 
them had left the transmitter. During all this interval the signals 
must have travelled vast distances in outer space. There was consi- 
derable speculation as to their origin. It was supposed that far 
outside the moon’s orbit, the ions continually present in space 
formed themselves into a sort of layer or band by magnetic influence 
and that the echoes were probably due to the reflection of the 
wireless wave trains meeting this ionic band. One could gather 
some idea, concluded the lecturer, of the enormous distances invol- 
ved if one realized that, if the sound of a gunshot were to travel by 
the same path as followed by these waves, it would take five years 
for the sound to come back to the earth as an echo I 

The height of the Heaviside Layer is greater at night than du- 
ring day. The alternate increase and decrease in height are not 
gradual but rapid. 

(15) Aurora Borealis or Northern) About so-ioe km = 
Lights, and Aurora Australis j- 50-66 miles' 

or Southern Lights j {Encyci. Br., 1929) 

Note 

Aurorae are a luminous phenomenon of the atmosphere. Accor- 
ding to Stormer and many other scientists, they are caused by 
electric corpuscles shot out from the sun. These corpuscles strike 
the earth’s atmosphere and flash into the brilliant displays known as 
the Aurora Borealis in the northern hemisphere and Aurora Australis 
in the southern hemisphere. Aurorae are among the most spectacu- 
lar of Nature’s exhibitions of fireworks. Long rays like the beams 
of a powerful searchlight, assuming a variety of colours, roll up in 
great fan-like sheaves towards the zenith from a dusky line of cloud 
or haze a few degrees above the horizon. At times, as they sweep 
upward, they shake with a tremulous motion and, according to some 
observers, are accompanied by crackling soundsTke the rustling of, 
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Pieces of sUk agamst each other. This conous soaed is referred to m 
Mazeppa'sRtdc by Byron — ^ 

'We sped like meteors through the sky, 

When With its cradcling sound the night 
Is chequer’d with the northern light* 

In order to study the aurora, it IS photographed with its hack 
ground of stars from two different positions between 25 and 50 
mdes apart When simultaneous photographs are taken in this way, 
the position and the height of the anrora from the earth's can 
be calculated The lower edges or streamers of an aurora have 
thus been found to be at a height of 50 to 66 miles above the earth 
Anrorae are of many types and sometimes appear m several forms 
at the M.me time They are knovmas rays, bands, curtains, draperies, 
arches, coronas and diffuse glows A feint aurora is usually white, 
a fairly bright one yellowish, and a very bright one mnlti-colonred, 
red and green predominating The display is seen m its greatest 
splendour in the form of a bright arch, especially when it extends, 
as it frequently does, right across the sky from east to west At 
snch times it appears m red, yellow and green colours much like a 
rainbow. In the polar regions fi\e arches have been observed at 
the same time On one occasion, in February 1P29, an auroral 
arch at the height of its brilliancy flung a straight subsidiary arm 
from its western end This arch, at the tune of fading, was seen to 
assume a sinuous form, suggesting a ‘drapery’ appearance 

Even when very bright, an auroral arch or curtain is quite 
transparent and stars are seen shining through it in its entire length 
Opportunities for witnessing the Aurora Borealis are more 
frequent as one goes northwards from countnes in the Temperate 
Zone, till along a belt called the auroral zone, the lights become 
visible on every clear mght St5rmer showed some years ago, by 
scienti?ic modeh cA -ftie piAh cA tiie vcfimed ■paaVA'fis t’jcJiAtd ftcra. tha 
sun, that these were caught lu the earth s magnetic field and whirled 
about our globe m belts of varying width, centred at the pole of the 
earth’s magnetic axis, about two tiurds the way to the geographical 
Pole. An anrora can thus practically circle the entire earth at once 
The Anrora Borealis and the Aurora Austrahs may occur simul 
^nepnsly. But the*?otmer is said tq b? thq more mr^nificent of th? 
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two. . The auroral zone here passes north of Siberia and Norway,- 
south of Iceland and Greenland and over Northern Canada and 
Alaska, the latitude of greatest frequency of the display being about 
70® N. for Asia and Europe and 60® N. for America. In these 
regions the sight is often magnificent in form, colour and motion. 

Montgomery gives a vivid, though short description of this grand 
phenomenon ; — ! 

'Tis sunset: to the firmament serene 
The Atlantic wave reflects a gorgeous scene ; 

Broad in the cloudless west, a belt of gold 
Girds the blue hemisphere ; above unroll’d 
The keen clear air grows palpable to sight. 

Embodied in a flush of crimson light. 

Through which the evening star, with milder gleam. 

Descends to meet her image in the stream.' 

Stormer, who has been closely observing the Aurora Borealis 
for many years, has found that very high aurorae, which sometimes 
do not come below 120 miles and extend upward for 500 miles, are 
still in the sunlight though observed from countries in the night 
hemisphere I For example, on 16th March 1929, three hours before 
dawn, pale grey-violet rays of aurora suddently appeared in the 
north-east and were found to be so high that they were bathing in 
sunshine. Occasionally such rays become faint or totally disappear 
where they meet the line of the earth’s shadow, and are continued 
still lower down, with normal brightness at the usual height of 
aurorae. 

According to Humphreys, much of the light of the aurora is due 
to nitrogen bands and none of it to hydrogen lines, while the 
brightest of all lines is due to oxygen 'presumably in a special state’, 
and its brightness is probably intensified by the presence of helium. 


(16) 


‘ Beware ! Danger overhead ! ’ roars out the Voice, 
‘ Thus far and no further ! ’ — 


‘ Roop of the Stratosphere, or End 
of the Earth’s Atmosphere 


49-71 miles 


Note.— The pressure at an altitude of 71 miles, according to Hum- 
phreys, would be between l/146000tb and l/129Q00th of that at sea leyel, 
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Concludins: Remarks 

Below the Stratospbere the temperature of the air falls mth 
increase of altitude, hut m this upper layer the temperature gradient 
at least up to the height so for gauged, shows a rev erse arrangetnect 
from that m the Troposphere The Stratosphere is a carved laver 
running somewhat parallel to the earths curved surface Its 
general height gradually falls off from the equator According to 
Humphreys, the altitude of the lower surface of the Stratosphere « 
15 km (9 miles 3 f ) at the equator and about 10 km (6 m 2 f ) at 
latitude 60® But in view of the report that a soundmg balloon has 
recorded a temperature as low as -92® C {-133® F ) at a height of 
1 1 miles at the equator, it is probafcle that the Stratosphere over the 
equator begins a little beyond this height As for the base of thislajet 
in the polar regions, a recent estimate assigns to it a height of 8i 
km (a little over 5i miles ) after about 80° lat We have th«^ 
fore adopted the approximate average value of 45 000 ft as the 
point at w hioh the Stratosphere commences Mr Lnckiesh remarks 
that there is less diderence between the summer and winter tern 
peratures of high altitudes than of low ones 


A few words of explanation are necessary about the Tropopansi 
Strictly speakmg, the Stratosphere rises immediately above th* 
Troposphere, but certain autbonties add an intermediate regoR 
between the two and call it the Tropopause They describe it as 
the boundary region or rather the ‘surface which divides the tun 


layers Now a surface, m the strict geometncal sense, is an area 
having only length and breadth but no thickness Most scientists 
assign to the Troposphere a height of 6 to 7i miles, and although 
during the past few years several airmen l^ve crossed this lumt and 
a few hav e flown to altitudes as high as 8 miles, scientists have all 
along been talking of penetrating into the Stratosphere Thus when 
Ficcarrf marfe Ais remarSaftfe 6aAlxjix ascenf xa IffJI, jhs? 
represented as the first penetration by man into the Stratosphere. 
We have therefore thought fit to recognize the existence of abouodary 


region between the two layers and at the same time to assign to 
an artificial thickness— au average thickness of about 6 700 
which represents the difierence between the average altitnde 
^be base of the ^ratosphere and the height of the Troposphere, 


it 

ft. 

of 
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Various estimates are put forward for the top limit of the 
Stratosphere. It is calculated fcy observations of either meteors or 
aurorae or by measurement of the duration of twilight. Lindemann 
and Dobson, the well-known astronomers, have inferred from 
observations of meteors that this layer does not extend beyond about 
37J miles, while another astronomer states that similar observations 
made by him show that it ends at 30 miles. ,The highest estimate 
we have come across for the ,height of the upper boundary of this 
region is 50-60 miles. But for reasons explained in the following 
paragraph, we are inclined to adopt 48-71 miles as the point where 
the Stratosphere ends. 

We have seen that the usual height above earth at which an 
auroral display begins is 50 to 66 miles or an average of 58 miles. 
The descriptions we have come across of this phenomenon are 
unanimous in stating that the initial motion of the streamers 
is always upward. It thus follows that, if the phenomenon is 
caused by the ionized particles from the sun bombarding our upper 
air, the aurora takes its birth at the top of the earth’s atmosphere 
and not at that of the whole Atmosphere. Stormer’s explanation, so 
far as this point is concerned, is therefore clear. An aurora, owing 
to its much longer duration, must be less difScult to study than the 
evanescent displays of meteors in determining the probable height of 
the earth’s atmosphere, ». e., the upper limit of the Stratosphere. It 
is therefore permissible to infer that the top boundary of this layer 
lies at the points where the auroral display begins, viz,, 50 to 66 
miles above the earth. This limit will apply only to those regions 
through which the auroral zone passes, t.e., latitudes 60® to 70® N. 
and 60® S. The Stratosphere being, as stated, a curved layer run- 
ning somewhat parallel to the earth’s curved surface, over the polar 
■ regions it begins at 5^ miles and over the equator at about 11 miles 
as already mentioned. Its upper limit in the former regions will 
therefore be between 49 and 65 miles and over the latter region 
between 55 and 71 miles above the earth. 

It is well known that astronomy, along with many other 
branches of science, formed an important intellectual pursuit among 
the ancient Hindus. Long after Parashara, the last great astro- 
nomer of olden times, whose date is located at a^out 1391 B.C., 
came the famous Aryabhatta ( born about 476 A.D. ) and Varaha- 
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mihira ( born aboat 485 AD) The last of oar eminent savants 
in this field of learning -mas the |reat mathematician astionoa-r 
Bhaskarachlrya, who was born about 1U4 A.D and ded sems i 
time after 1185 A D 

Aryabhatta and Lalla the latter of whom lived about 638 AD 
estimated the limit of the earths atmosphere at 12 ydjatias tt, 
about 60 English miles This estimate is confirmed by Bbaskara 
charya who says in Nadhyasaihtvasatta — 

II 

( Bhumirbahtrduadasha ydjanam bhuvaytiraihrambuda 
vtdyudadyam ), which means — * 

‘The atmosphere surrounds the earth and its height is 12 yfljann 
and clouds, Ughtniog and other phenomena originate m it 

The astronomer Sbripati ( bom about 1039 A.D ) explains that 
clouds, ligbtmng, rainbow, aenal mirages (Fata morgatta tbs 
original Sanskrit term being Gandharvanagara ), haloes round tbs 
sun aad the moon and shooting stars are ell phenomena connseted 
with the earth s atmosphere 

Further, Lalla Shripati and Bbaskaracharya have all advanced 
the view that, above the earths atmosphere, lies another hieb 
layer of air 

In the 11th century A.D the Arabs calculated the height of tbs 
earths atmosphere from the duration of twilight to be abont 
57i miles 

From their observations of the flights of meteors, Lindemannand 
Dobson confirm the presence above a height of 37^ miles (tbeir 
estimate of the top limit of the Stratosphere ) of a warm layer d 
air which, they say, extends up to the point where meteors first 
flash into brilliance, and they estimate its temperature at 7 
( 26 7° C. ) This theory is m part supported by Dr F I 
Whipple, Superintendent of the Kew Observatory m England, 
from his study of the strange phenomenon that sounds like those of 
gunfire are often heard better at a distance than by listeners at much 
nearer points, cifers that this peculiarity is due to the existence o a 
warm layer m the upper air through which sound waves curve back 
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to earth. He assigns, however, a lower height above earth and a 
higher temperature to this lajer. 

Thz Popular Science Monthly of September 1931 gives parti- 
culars of an interesting experiment carried out by Whipple in this 
connection. He wanted to trace the path of the sound waves from 
an explosion between the moment of their generation and their re- 
appearance miles away, after overleaping a ‘ zone of silence At an 
artillery practice at Yantlet he arranged to have radio signals 
broadcast the instant a gun was fired. At Birmingham, 230 miles 
away, and at intermediate points he set up super-sensitive 
microphones to catch the inaudible sounds of the explosions. Then 
he timed the arrival of the sound wave and checked it against the 
almost simultaneous receipt of the radio signal. From the speed of 
sound in air he found that the length of time taken by the sound 
wave to arrive could only be explained by assuming that it travelled 
into the sky to a height of about 30 miles and then descended 
to reach the Birmingham microphone, skipping intermediate points. 
He considers that the descent of these sound waves back to earth is 
due to their being reflected downward from a warm layer of 
air in the Stratosphere. The sound waves in this experiment were 
found to travel in a curvilinear course, almost hyperbolic. The tests 
showed that this layer of air must be as warm as 106® F. ( 41® C. ). 
Whipple’s experiment is especially interesting as we find that 
the highest point above earth calculated to have been reached by the 
sound waves falls within the region of the warm Ozone Layer. 


Second International Polar Year 

Concerted effort to obtain data from the Polar upper air is 
being made by scientific expeditions from Great Britain, France, 
Holland, Denmark, Norway, Sweden, Finland, Russia, Poland, 
Germany, Italy, Canada and the United States of America in celebra- 
tion of the First International Polar Year of 1882-83. In that year 
twelve countries including Great Britain joined hands and sent special 
expeditions to the Arctic and Antarctic regions to carry out, mainly 
meteorological and magnetic observations, on a settled plan. The 
results obtained were of considerable scientific ^jalue and laid the 
foundation for subsequent research into the physics of the atmosphere 
30 
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anti terrestrial magnetism m the Polar regions The progress in 
geophysics since that time has shown tlfe great importance of polar 
data, arrf hence it is that the vanoos countries have arranged 
expeditions, which will set up a network of temporary observatories 
m a circle round the North Magnetic Pole to carry out extensive and 
intensive research A Norw^ian expedition has arranged to proceed 
to Antarctica for simultaneous meteorological observations m that 
region. It will travel by sledge along the coast of that continent. 
The research work of the Second Polar Year will not be confined to 
meteorology as understood m the strict sense of the term, butwiU 
mclude observations of the important phenomena of terrestnal 
magnetism and atmospheric electncity and deeper investigation of 
the nature of that flaming marvel of the northern skies — the Aurora 
Borealis— -and its connection with the mysterious magnetic storms 
which sweep over the earth and cause compasses to swing violently. 

These expeditions commenced their work on Ist August 1932, 
and it will last for 13 months. The British section consists of two 
parties, one of which wiU proceed to Tromsd m Norway and the 
other to the lonely settlement of Port Rae which lies withm the 
Arctic Circle on the Marian Lake extenstoo of the Great Slave Lake 
m Northern Canada. 

The expedition at TromsS will mvestigata the lomxed layers 
above the earth to find out whether there is any connection between 
the anrora and the Heaviside Layers, as many scientists thmk it pro- 
bable that this layer is produced by the aurora. Troms6 is a place 
where the aurora is of frequent otxurrence and there are no ultra- 
violet rays of the sun during the long period of the Arctic winter. 
These are conditions which are favourable for studying, by repeated 
measnrements of the height and intensity of the ionized layers, how 
the ionization is brought about. 

The British contingent to Canada consists of five men who 
Indude three scientists and is led by a senior scientific assistant of 
the Meteorological Office. Fort Rae, where there will be 80® of 
frost (-48® F. or -44-5° C.), is one of the coldest parts of the 
world, colder than even at the North Pole. The party will spend a 
year m this bleak, inhospitable region m the mferest of science, com- 
pletely cut off fro^ civihzaUon except for wireless. A complete 
record of vnud diraction and force, air temperature and height of 
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•clouds -nTlI be. made at hourly intervals. As at the other stations 
-in the Arctic chain, soun^ng balloons filled with hydrogen and 
carrying automatic instruments will be sent up from this place to a 
height of 6 or 7 miles, and they may rise even 10 miles. They will be 
sent up at least once a day and their course followed by a telescope 
fitted with a theodolite which will indicate their direction. But as the 
recovery of the recording instruments after they come to the ground 
will be a most formidable problem in these uninhabited x^olar regions, 
the extensive use of radio transmission apparatus which will auto- 
matically signal to listeners on the ground the air temperature and 
pressure at various heights — vide Item 1 — is contemplated in spite 
of their heavy cost Alternately other balloons will effect the same 
result by flashing coloured lights. Research into the physics of thO 
aurora will also be one of the activities of the Fort Rae expedition, 
as this place offers the special advantage of being situated almost in 
the zone of maximum frequeucy of aurorae. 

Improved methods of investigation, undreamt of in the days of 
the First Polar Year, being now available, the hourly obser%’ations 
of terrestrial magnetism will be dispensed with and replaced by 
magnetographical records. 

Where mountains exist in proximity to stations established 
closer to sea level, special observatories will be set up to taka 
records of temperature, humidity, wind and cloud motion. An 
amount of valuable information will thus be obtained about the 
physical conditions of the Stratosphere in high latitudes, of which 
very little is known at present. 

The work of organizing the various expeditions has been entrust' 
ed by the International Meteorological Organization to an executive 
body called the Polar Year Jubilee Commission. As investigations of 
geophysical phenomena in high latitudes alone would not be of as much 
scientific value as simultaneous observ'ations throughout the earth, 
the Commission has invited the active co-operation of all the meteo- 
rological services of the world, and besides the countries already 
mentioned, many .others including Austria and Japan have signified 
their intention of participating in the work of the Second Polar Year. 
The Indian Meteorological Department has also been asked to co- 
operate. Among other activities which this Department has been 
requested to undertake are the .sending up of!?ounding and. .pilot 
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balloons for about 80 days during the Second Polar Year ( August 
1932-Augtist 1933) and regukr magn^ic obser\'ations at the ob 
servatory at Alibag This is the only Magnetic Observatory m Inda 
taking continuous records of all the magnetic changes and has the 
advantage of being situated on the magnetic equator 

Th« results of all the observations made during the Second Polar 
Year are required to be published almost immediately after their 
cessation and in a uniform style It is expected that the Polar 
observations will promote a better knowledge of the movements 
of the upper air According to the laws of physics, the warm air 
of the tropical regions must tend to nse and flow towards the Poles 
above the cooler air which moves inwards to replace it, so that there 
IS a general circulation of the atmosphere throughout the earth 
The earth, m the words of Dr Simpson, Director of the British 
Meteorological Office, may be likened to a heat producing engme 
with condensers at the Poles, and all the energy required to produce 
the winds is generated by the heat of the Equatorial regions and 
by the coolmg of the air near the Poles But the velocity, extent 
and exact directions of the upper air movements form one of the 
mysteries of climatology that remain to be satisfactonly solved 
It IS anticipated that simultaneoas and comparative observations 
over the Polar cap as well as in lower latitudes during the Second 
Polar Year will enable the meteorological services everywhere to 
draw up more accurate weather forecasts than has hitherto been 
possible 

Meanwhile comes the news that Russia has established a 
meteorological station at Tephtz Bay m Crown Prince Rudolf Land, 
situated approximately in 81® 20' N lat This station is situated even 
farther north than the weather station in Franz Josef I-and (about 
81® N lat ) and is now the xKMrthcmmost meteorological station m 
the world It will be remembered that the snowline m latitudes 
a'Km: 'Jb® xs, Sfea WM, to tfezA, thero two staimns ata situated, 
in regions of perpetual snow like the Monte Rosa observatory 
m the Alps 

View from the MW Stratosphere 

The warmngs of the mysterioos Voice from the Sky, though we 
are now fairly wSl accustomed to its menaang tones, make us 
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hesitate about continuing our ascent. Before coming to a decision, 
therefore, we descend to the m^-stratosphere and ‘station’ ourselves 
there for a whole month ! Looking north, east, south and west as 
well as overhead and below through the huge glass windows of our 
balloon car, let us observe closely the landscape and skyscape 
presented to us from this region of the sky. 

Owing to the absence of fogs or clouds around or above, the sun 
emits the harsh glare of a searchlight. We see the sun here at all 
times during the day, and such will be the case throughout the year. 
Our horizon distance is something like 500 miles. In ordinary 
weather an observer looking below from such a height will see only 
such portions of the ground as the rifts in the clouds will expose. 
But better luck favours us at the time of our return to this region, 
and the terrestrial weather is perfectly clear. Yet we find it impos- 
sible to distinguish any landmarks. Lakes and rivers are virtually 
wiped out of existence under the sun’s rays and appear as scattered, 
dazzling spots or streaks. Mountains seem to have sunk into the 
earth. Ground, forests, valleys and trees, all practically merge 
themselves into one confused whole, and the earth’s land surface 
presents the appearance of a flat plain. We proceed seaward and 
arrive directly above the coast shortly after noon. The sea 
presents itself to us, not as a blue expanse of water but as a bur- 
nished silvery mirror bounded by an irregular and indistinct coast-line 
and the horizon. To us temporary tenants of the upper atmosphere 
this is all that is visible of the planet on which we were born and 
which we left not long ago. The skyscape in daytime is different 
from what we have been accustomed to on the earth, for on account 
of the high rarefaction of the air and the considerable diminution, in 
consequence, in the scattering of sunlight, the principal stars and 
planets are visible to us even by day, though somewhat faintly. 

It is night. The moon is at its full phase, and its disc appears 
in all its splendour, revealing its surface in greater detail. On the 
earth the moonbeams reach us after bemg filtered through the clouds 
and the dust particles of the atmosphere. Rising air currents 
together with layers of unequal temperature and humidity cause 
variations in the density of the air through which the light of 
the stars comes to ns. Stars for this reason twinkle or scintillate 
when seen from the earth, but from the Stratosp^re we see them 
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sHme with a steady, intense glow like rnbies set in the backgroand of 
the^skjn,' ‘ t 

' ’ *Aforti^lrt* has passed. It is a dear moonless night, and lo, 
for a whole n^t Nature entertains ns with a superb display of her 
flrbWUrlu ! The bine black sky is illuminated by shooting stars 
speeding across with a frequency inconceivable to those on the 
earth, and once or twice by gronps of brilliant fireballs sometimes 
looking larger than the moon — some disappearing far above oar 
altitude, some close overhead and others down at our feet ! And 
the streaks of splendour in which the shooting stars end their career 
and the lutnmous douds that the fireballs leave m their trail appear 
to set the sky ablaze, enbaoctog the magntficence of the whole scene. 



CHAPTER IX 

The Outer Atmosphere 

(1) Height above which the Sky would no') 

longer look blue-black but would gra- [- 7i miles 
dually have changed to jet-black J 

Note, — Sunlight can be decomposed into a range of colours. 
What we see as white or colourless light is resolved into different colours 
when a sunbeam strikes a glass prism or the bevelled edge of a 
mirror. The most magnificent indication in Nature of the colour 
composition of sunlight is that presented in the rainbow ( called by the 
ancient Hindus Indradhanus, the bow of Indra, the god of clouds and 
rain ). In this phenomenon the sunbeams are refracted and disper- 
sed by tiny drops of water in the clouds, and the white sunlight in 
reaching us is split up by the raindrops into the seven primary 
colours — violet, indigo, blue, green, yellow, orange and red. Not 
only are these colours found in every shade in a sunbeam, but where 
one primary colour follows another an intermediate colour is present 
between the two. These colours are arranged consecutively as 
follows: violet, indigo or blue, blue-green, green, yellow-green, 
yellow, orange and red. The shortest waves of visible light pro* 
duce the impression of violet, and the longest red. Still shorter than 
the violet rays are the invisible ultra-violet. Waves longer than 
those which give red light are called infra-red, but though infra- 
red rays are not perceptible to the human eye, it seems possible 
that the eyes of animals of the feline race are responsive to them. 
These rays are said to pass with ease through haze, mist or fog 
which completely intercept white light. The approximate wave- 
length of ultra-violet light just beyond the visible region is l/64000tfa 
of an inch, and the wave-lengths of the other rays increase from 
violet to red. The wave-length of infra-red light just beyond the 
visible region amounts to l/3i000th inch. 

The sky looks blue from the earth owing to the scattering of 
sunlight by the earth’s atmosphere. The atoms and molecules of 
its gases are so minute that they scatter this light 9i every direction! 
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Hae scattering is more efficient •when the waves are short than when 
they are long, and so the bine and (Violet rays are scattered more 
than the yellow and red The greiter scattering of these short wa\ es 
makes the sky appear bine as seen from the earth Bat owing to the 
decr&se in the atnonnt of ait present above, the scattering of son 
ligKt becomes smaller and smaller as we go up m the atmosphere, 
and the sky would therefore appear jet black after the boundary of 
the earth’s atmosphere is crossed 

(2) Height at which average Shooting 1 , 

Stars flash into view J 

(3) Greatest Height at which Meteors ) 120 miles 

have become visible J (Eho'N Br j92Sf) 

Note — At this height the air would be about twice as tbm as that fnside 
a vacuum lamp bulb or about 1/2 nuUionth ot that at sea level and yet it w 
evidently dense enough to cause meteors to flash into view The higher the 
point at which these objects become visible the greater will be the grandeur 
of their display, particularly when they shoot across in a shower A 
beautiful shower of Leonids the best known of all meteor streams was seen 
in 1863 at a height of 963 miles and at this display no fewer than 
78 meteors were counted A graphic description is given by Ball of a 
remarkable meteor seen on 6tb November 1869 at a height of 90 miles above 
Frotne m Somersetshire. The whole length of its visible course was about 
170 miles which was traversed in 5 seconds t e, at an average velocity of 
34 miles a second A rare phenomenon which followed its disappearance 
was a long persistent streak of luminous cloud about 50 miles long and 
4 miles Wide, which remained In sight for fully 50 minutes 

(4) Appleton Layer or ‘New Radio Roof' . i30 maes 

Note — ^The Illustrated Weekly of Jndta of I3th December 1931 
contains some particulars of the discovery of a ‘New Radio Roof 
made by Professor Appleton. This discovery makes the H«ivi5ide 
Layer (Item 14 of the preceding chapter) the base of the whole 
‘Radio Roof. Very short waves ha\e been found to pass through 
this 'lower 'layer an'd'Derelicct^'eacKto'ine estia 'irDm ine "upiJer 
layer, which will henceforth be called the Appleton Layer It ends 
at 130 miles above the earth Its height was determined by the 
transmission of a signal, lasting less than the thousandth ofasecond, 
which pierced the Heaviside Layer and travelled far beyond 
‘These two layers play a Mtal part ■with “fading” in wireless 
reception One®©! the scientists at the research station spends his 
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days watcWng the tiny green spot bobbing on the end of a great 
wireless valve. By observing its movements he hopes to reduce 
fading to a mathematical formula.’ The station referred to is the 
Radio Research Station at Slongh in England. 

It may be mentioned that, while light waves are of exceedingly 
minute lengths, even the shortest of wireless waves are a few 
inches long and the wave-length of some long-wave broadcast 
stations is as much as 20,000 metres or over 65,000 ft! 

As in the case of the Heaviside Layer, the evidence from the 
National Research Council of Canada definitely points to the impor- 
tance of ultra-violet rays as the principal ionizing agency for the 
Appleton Layer, though physicists are of the opinion that the last 
word has not been said as to the relative importance of the two 
solar agencies in producing these two layers. 

The ionized regions of the Atmosphere are sometimes collectively 
termed the Ionosphere. 

(5) Height which the diffused light of 1 

the highest streamers of an Auroral b 600-620 miles 
Curtain has been found to reach J 

Note.— The Entycl Bril. {1929) mentions an unusual auroral display 
observed west of Norway on 8th September 1926. It appeared like an arch, 
but the photographs showed that it was made up of a curtain of rays which 
extended to a height of 1874 miles. The diffuse form which ended the 
display reached a height of 600 miles. Stormer, as already mentioned, has 
observed auroral streamers 500 miles in vertical length with their base 
120 miles above the earth, so that they attained the record height of 620 miles 
above the earth. We are not sure whether or not the display referred to by 
the Enci'clopaedui is the same as the one observed by Stormer. 

(6) ‘Halt, halt, as ye value your lives ! ’ bellowed the 
Voice, ‘ Car windows cracking, oxygen tanks leak- 
ing ! What ? Still thinking of moving on ? Ha, ha^ 
ha ! Only hydrogen and helium to breathe ahead, 
if ye could stand the zero pressure I 

‘ Roof ’ or End of the whole Atmos- 1 
phere I 

Note.— It is generally believed that the greatest height which an auroral 
display can attain marks the limit of the Atmosphere. Dr. Baker infers from 
the results of Stsrmer’s observations that it is probable that the Atmosphere 
extends, highly rarefied, to a still greater height than 620 miles. 
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Concluding Remarks 

Abbe Th Moreux considers that Ifydrogen envelops the Stratos 
phere m the shape of a warm layer above it As will have been 
seen from the Note under Item 5 of this chapter, this gas is present 
only in very minute proportions m the air we breathe The rest of 
the hydrogen content of the Atmosphere may be miles up m the 
rarefied regions and cannot descend far owing to its extreme light 
ness The stndy of aurorae, adds Moreux, indicates that this is 
true Partington believes that, at a height of 62 miles, 96 per cent of 
the air would consist of hydrogen 

It IS believed that the temperature in the Outer Atmosphere is 
practically constant 

Let us now try to ascertain the approximate weight of the 
Whole Atmosphere, which extends from the base of the Tropos 
phere up to 620 miles or more above the earth’s surface The 
method of calculation is similar to that adopted by Us m ' weighing ' 
tbe Ocean Just as we tool: the average depth of the sea m that 
calculation, in this case we have to take the mean pressure of air 
at the earth's surface, which has been fonnd to be about 14 3 lbs 
per square inch, against 14 7 lbs at sea level We have now only 
to multiply the superficial area of the earth ( 199,199,625 sq ra ) 
by this average air pressure ( the former b“ing converted to square 
inches and the latter reduced to the fraction of a ton ), as the pres 
sure at any area represents the weight of the column of air over 
it The result thus obtained is 5 7 quadnlhon tons, a value which 
IS only about 10 per cent higher than that given by Humphreys m 
his Physics of the Atr The weight of the ‘Atmosphere is thus 
about 0037 that of the Ocean and approximately 0000008 that of 
the whole Earth 

We may similarly endeavour to arrive, however roughly, at the 
weights of the individoaf ojosbtaeate of tire Atmospbete oa the data 
given by Humphreys He estimates the average amount of 
water vapour m the atmosphere to be the equivalent of a layer of 
water over the whole earth only 2 6 centimetres ( 1 02362 inches) 
deep Taking the weight of a cubic toot of pure water as 62 4 lbs 
approximately, t^e weight of the water vapour m the atmosphere 
will thus amount ta> 
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199,199,625 X (reducing the inches to the 

fraction of a mile) X ^4^ X 5280® = 13-2 trillion tons. 

Working on an equation given by Humphreys, the physical and 
mathematical intricacies of which need not be set forth here, we 
obtain the following values for the weights of the remaining compo- 
nents of the atmosphere, though they are about. 10 per cent hi^er 
than those arrived at by him: — 


Constituent 

Weight 

in Tons 

hfitrogen 

3-87 

quadrillion 

Oxygen 

1-15 

»» 

Argon 

61-76 

trillion 

Carbon dioxide 

2-16 

»» 

Hydrogen 

128-8 

billion 

Neon 

68-8 


Krypton 

12-8 

*y 

Helium 

7-95 

tt 

Ozone 

2-93 

n 

Xenon 

1-69 

It 


Total 5-054143 quadrillion tons. 

If we add to this total the weight of the water-vapour, vis,, 13*2 
trillion tons, we get a grand total of 5'097343 quadrillion tons, almost 
exactly the weight of the Whole Atmosphere. The weight of the 
hydrogen content especially is noteworthy. It affords material for a 
startling comparison. According to the estimates of the International 
Statistical Institute, the world’s total population in 1926 was 
1,879,595,000 or approximately 1,880 millions. Assuming that this 
total remains unchanged and that the average weight per head is 60 
lbs., the weight of the world's population will amount to about 50 
million tons. Allowing for the excess of 10 per cent in the figures 
shown in the foregoing table, we find that the weight of all the 
hydrogen in the atmosphere, in spite of its being the lightest of gases, 
is at least 2,300 times the weight of the entire population of the 
world! 


The mysterious Voice once more admimsters to us a warning, 
this time a most stem warning. Should we not pay heed to it in onr 
perilous situation and turn back ? But before finally making up 
our mind, let us descend a couple of hundred milelj 
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It IS a dark ni£dit, and frcwn tiiese lofty regions so far away from 
the Stratosphere we behold a strange fpectacle. Once again Nature 
IS out with her fireworks eidubittoa, but at the immense height of 
our observation point, the luminous tracks of the thousands of me- 
teors that shoot across look only like so many tiny threads of flame. 
This tune the heavens seem completely topsyturvy* for the meteors 
flash to our view and dissipate themselves at the bottom of a teinfic 
abyss. 

The complete absence oi tropospheric phenomena in the Stratos- 
phere onwards is worthy of note But even about parts of the 
Stratosphere it is not possible to say definitely that no sounds what- 
ever can be heard there at any time The larger fireballs usually 
produce a thunderous roar as they strike the earth's atmosphere and 
rush ear&ward, and most o! tiiem ultimately burst with a loud 
explosion, and the common shooting stars as they speed through 
the sky possibly g^ve nse to a sort ci hissing sound more or less 
audible in the close vicmity of their tracks in parts of the Stra- 
tosphere at any rate. But m the loftier regions of the Outer Atmos- 
phere we find conditions totally different. We are impressed with 
the perfect calm and silence that tetgn here, and well may we sing 
with Tennyson — 

‘ The luad interspace of world and world, 

Where ne7er creeps a cloud or moves a wind, 

Nor ever falls the least white star of snow, 

Nor ever lowest ton of thunder moans, 

Not sound of human sorrow mounts to mar 
Their sacred, everlasting calm I ’ 
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CHAPTER X 

The Planetary Region 

Heaven 

Is as the book of God before thee set 
Wherein to read EBs wondrons words. 

— Pinion 


( 1 ) 


To rise in science, as in bh'ss. 

Initiate in the secrets of the skies ! 

— Young 


Height over the equator from' 
which, at an aurora circUng 
the Earth, the Aurora Borealis 
or the Northern Lights, and }- 
the Aurora Australis or the 
Southern Lights, would be vi- 
sible simultaneously 


About 830-950 miles 


Note. — In America the scene of the auroral occurrence is 
60® N. or S. lat, so that the Aurora Borealis and the Aurora Aus- 
tralis occur in regions equidistant from the equator. The shortest 
distance pierced by a straight line drawn from a point on the 
equator to the region of the occurrence (for the earth’s surface is curved) 
would be 2,633 miles, as the earth’s polar radius is 3,950 miles. Could 
an observer rise vertically, say, 830 miles up from this point, his 
horizon distance from his ‘ station’ in the sky would be about 
2,730 miles,* and he would thus see, at an aurora circling the 
earth, the Northern and the Southern L^hts at the same time. But 
for the Eastern Hemisphere, the region of the Aurora Borealis is lat 
70® N., and consequently an observer in this hemisphere would have 
to rise from a place 5® north of the equator if he wanted to reach an 
observation-point equidistant from the two Aurorae. In this case he 


* Where the height of an observer is some hundreds of mile s above the 
earth, the formula to determine his horizon distance would beVh (2r-k/;), 
where h is the height in miles, and r is the earth’s radius. In the present 
case we have to calculate the heights from the horizon distances by using 
this formula. 
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would have to command a horizon distance of a little more than 
TO X 3,950=2,853 miles. An elevatifn of something like 950 miles 
would be sufficient for the purpose. 


(2) Elevation from which an observer* 
would, except near noon, see Night, 
Dawn and Day on the Earth simul- 
taneously if the atmosphere were 
perfectly clear 


1,500 miles 


Note. — ^Mr. Luckiesh says in his Book oj the Sk^ : — 

* While On the wings of imagination, one might rise to an alti- 
tude of 1,500 miles, whence his horizon circle would nearly equal 
a great circle of the earth. His line of vision, when gazing toward 
the edge of the distant earth, would make an angle of about 45° 
with the vertical It may aid visualization of such an imaginary 
view of the earth to place the eyes 3 ft. vertically above a hori- 
zontal circle 6 ft. in diameter. This drcle subtends approximately 
the same solid angle at the eyes that the earth would when the eyes 
were 1,500 miles above it. Ima^oe a map of the Western Hemi< 
sphere draws on this circle and that, as the eyes rove over it and 
leave its edge, they look into the void of space. At any time except 
near noon, the observer at an elevation of 1,500 miles wonld see 
night and day simultaneously on the earth. Perhaps day over the 
Atlantic, dawn over the Continent, and moonlight over the Pacific. 

* In the foregoing views a perfectly clear atmosphere is assumed. 
The earth would still be veiled in the blue of dear air. Under the 
conditions as they actually are, the earth haze would add a white 
luminous veil, so that the details of the earth would be very mudi 
befogged. ’ 

What must be the degree of rarefaction of gases or ‘emptiness’ 
of space at so great a height above the earth ? Some idea of it may 
be gained from what Jeans says about the conditions probably 
obtaining at a he^ht of 3,200 km. (2,000 miles). According to him, 
at this level there can only be roughly 300,000 gas molecules per 
cubic centimetre, that is to say, in the neighbourhood of 5 million 
molecules per cubic inch. By means of an instrument known as 
the ionization manometer of a new desfen similar in construction to 
a radio tube, two ^dentists of the Bell Telephone Laboratory at 
York, Dr. ^win K. Jayoox and Dc. H. W* Weinhartj have 
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found, after having pamped oat the last trac^ of air from a vessel 
and thns proanced as perfect p vacaam as can be artificially created, 
that there vrere still left in flse vessel some 500 msllior, molecales in 
every cnhic inch. This amount, though seemingly large by itself, 
is said to be only 1/3-trillioath of the amount of air originally con- 
tained in the vessel. This means that every cubic inch of air at the 
earth’s surface contains some 7*5 sexiillion molecales, against only 
5 fKj’/JtoK said to exist in space at a height of 2,000 miles! This 
latter quantity is eqni-ralent to I/lOOth of vhat vronld ultimately 
remain in the lowest vacua attainable in the laboratory. From this 
can clearly understood the significance of the remark that space 
at such heights will be more void than that inside a vacuum 
lamp-bulb. 

AppTCSTKSle <Ss- 
icr.ufrom iht 
Earik’s surface 


(3) Moon when it is simultaneously in'; 
perigee, i.e., nearest to us in the 
course of its revolution round the - 
Earth (in an elliptical orbit), and 
is crossing the zenith 


213,50!) miles 


Note.— Such an event occurs at intervals of about IS years and 11 days. 
The moon being then directly overhead, the observer is at the nearest pos- 
^le distance from it. The moon’s psrigeal distance here is diminished by 
d,000 miles, a little more than the earth’s radius. 


( 4 ) 


Moon when in perigee but not cross- 
ing the zenith 


217,500 miles 


Note. — Such an event occurs once in a period of 27 -3 days or a 
sidereal month, the time it takes to make one complete revolutioa 
round the earth. 


When the moon comes between the earth asd thesnn, so that its 
dark side is turned towards ns, it is said to be at conjunction. It is 
thPT) called New Moon. If we could transport ourselves to the Innar 
world at snch a time, we would behold a magnificent sjKctade 
denied to inhabitants of the earth. Framed in a pitch-black firma- 
ment would be seen a huge, beautifully illuminated, bluish disc 
having a diameter nearly four times that of a full moon as seen 
from OUT globe and sinning with a brilliancy nearly three times 
richer. We would thus ses the surface o^ this hemisphere 
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of the moon flooded with light. What coaid that remarkable, 
distant object be? It is the eatihl ^ This flood of ‘earthlight’ on 
the moon is something like 40 times as mnch as full moonlight on 
the earth. The reason is that the earth is at once a larger and 
better mirror than the moon, better as it reflects nearly one half 
of the light received by it from the snn. The pale light visible from 
the earth at new moon is only a portion of this glorious earthlight 
reflected back to the earth itself. 

The reason why onr planet emits a bluish light is that a 
considerable proportion of its light is reflected by the dense layers of 
its atmosphere, and in earthlight therefore the blue of the sky is 
present to a greater degree than any other cobur. 

How would the earth look from the moon if observed in daytime 
throngh a telescope ? Says Ball ; — 

'If any one stationed on the moon were to look at the earth through 
a telescope, would he be able to see any water here ? Most undoubtedly 
he woul^ He would see the clouds, and he would notice Uietr incessant 
changes, and the clouds atone would be almost conclusive evidence of 
the existence of water An astronomer on the moon would also see our 
oceans as coloured auifaces, remarkably contrasted with the land, and he 
would perhaps frequently see an image of the sun, like a bikiant star, 
reflected from some smooth portion of the sea In fact, considering that 
much more than half of our globe is covered with oceans, and that/iaost 
of tbe remainder is liable to be obscured by clouds, the lunar astronomer, 
in looking at our eartb, would often see hardly anything but water m one 
form or other Very likely be would come to the conclusion that out 
globe was fitted to be a residence for only amphibious ammals * 

A description of the lunar landscape and of the physical coudi' 
tions obtainii^ on our satellite will be found in later chapters. 


( 5 ) 


Moon when in apogee, i.e., farthest* 
from the Earth in the course of its re- 1 
volution— an event which occurs also ' 
once in a sidereal month 


248,747 miles 


(6) Distance from which, to a space* 
voyager ‘ stationed ' in the hea- 
vens, the Earth would periodi- 
cally be visible as a shining orb 
of the same size as a Full Moon 
appearO from the Earth 


About 800/)00 miles 
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This distance is obtained multiplying the moon’s nearest dis- 
tance ( 217,500 m. ) by the length of the earth’s mean diameter 
(7,918 m.) and dividing the product by the length of the ;,moon s 

diameter (2,160 m.). 

A space voyager soaring into the heavens and keeping more or 
less in the plane of the earth’s orbit, would, if he observed the earth 
for a twelve-month, witness imposing changes on its face from &e 
time it appears as a bright object. He would behold, with wonder 
and delight, our planet passing through the same cycle of phases as 
the moon does to an observer on the earth. He would see m 
succession a Crescent Earth, Half Earth, Gibbous Earth, Full Earth, 
and after a break due to the new phase the same changes m reverse 
order, a waxing and a waning Earth-strange, unfamiliar terms 
all 1 _ as the earth moves in its orbit. If, however, he rises from 
the earth in a direction perpendicular to its orbit, neither the earto 

nor the moon will show to him any material variations m their 

phases. They will appear more or less as Half Earth and Half 
Moon all the time. 

But coming lower down, if he continues to keep between the 
earth and the moon within certain distances from them, he will 
observe the various phases of both simultaneously. These phases 
he will find to be complementary to each other: when the moon 
is new, the earth will be full; when the moon is crescent, the ear& 
wUl be gibbous ; when the moon is half, the earth will also be 
Talf when the moon is gibbous, the earth will be crescent, and 
when the moon is full, the earth will be new ! The earth in its 
St phases will shine with a bluish light for reasons explained 
;nder Item 4. Next in grandeur to its full phase wiU be the crescent, 
rieat illuminated arch stretched across the black firmament, with a 
diSer ( here the straight line joining the horns or cusps ) varying 
according to the distance he keeps, from 5 to 10 times that of the 
crescent moon as seen from the earth. And further, if he keeps all 

the-time at about four-fifths of the way to the moon, he will see 

hnth the bodies equal in size as they undergo their respective phases. 

HereVmost unique will be the half phase, when he wiU see, as 

it were, two half moons of the same size at the sAie time, a bluish 
32 
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giant on one side and a silvery giant on the other, and bat for the 
colour he could not readdy distingaish/ie one body from the other 

Approximate distance 
from the Earth 

(7) Nearest Distance to which a') 

Comet s head has ever ap )• is nuihon mnes 
proached the Earth J 


Note — It waa Laxell s Comet and this record approach occurred on 1st 
July 1770 In Hindu Astronomy a Comet is known as Dhumakeiu 


(8) 


Nearest approach to the Earth') 
of an Asteroid (minor planet) J 


About 2 5 million m 


Note — The object IS the new asteroid discovered in May 1932 (see 
Chapter XV) 


In Hindu Astronomy the asteroid is known as Upagroho 

(9) Asteroid Eros when it is simul ■) 

taneously at perihelion and m [■ 13 84 million miles 
opposition ) 

Note ■>* Such an approach occurs at intervals of about 38 years. An 
asteroid or a planet is said to be at penhel on when it comes nearest to the 
sun and in opposition when that b^y the earth and the sun he nearly in a 
straight hne the earth coming between An interior planet, t e a planet 
whose orbit lies within the orbit of the earth, hlte Mercury and Venus, can 
however never come into opposition 


(10) Asteroid Albert at favourable! jg „.ai.on miiss 

perihelion ) 

(11) Nearest Distance of Interior 1 

Planet VenusShukra m Hindu > Z6 miihon maes 
Astronomy J 

Note 

Such a near approach occurs at the time of inferior conjunction, 
tx t when the planet comes between the earth and the sun 

Venns is the brightest of the planets owing to its exceptional 
■jwwtjt xA VfgVA 'A fcwa thft sn-u. tn. hctUianf^ 

it surpasses all the heavenly Ixjdies except the sun and the moon 
Being an mtenor or inferior planet Venus goes through the whole 
cycle of phases exhibited by the moon, but the configurations of its 
phases differ It appears from the earth as a thm sdvery crescent, 
and as the crescent forms part of a circle six times lai^er than when 
the planet is fnll,% appears brightest in the crescent phase When 
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near the height of its splendonr.it can be easily seen in broad daylight 
with the naked eye. The m^imum brilliancy of the planet as the 
Morning Star ( Lucifer or Phosphorus ) or as the Evening Star 
( Vesper or Hesperus ), occurs about 36 days before or after its time 
of inferior conjunction. It is then 6 times as bright as Jupiter, or 
15 times more brilliant than Sirius, the brightest star in the 
heavens. 

The diameter of Venus is about 7,700 miles, while that of the 
earth is 7,927 miles. The planet is thus nearly as large as the 
earth. Its density is about 0-9 as much as the earth’s, and mass 
0'81 of that of our globe. Its weight would therefore be about 5 
sextillion and 340 quintillion tons. It takes 225 days to make one 
revolution round the sun. Its rotation-period is still in dispute, 
though Professor W. H. Pickering has declared from his observa- 
tions that it is about 68 days. 

‘The earth-moon system as seen from one of the nearer planets, 
would have the appearance of a brilliant double star plainly visible to 
the imaided eye. From Venus, for example, the earth would appear much 
brighter than this planet ever does to us, while the moon would be as bright 
as Jupiter. It seems probable that the contrasting blue colour of the earth 
and the yellowish hue of the moon would add much to the beauty of this 
spectacle in the skies of Venus. ’ — Baker 

Approximate distance 
freon the Earth 

(12) Nearest Distance of ExternaH 

Planet Mars— Mcwg’cfe in Hindu h 34-6 million miles 
Astronomy J 

Note 

The orbits of the principal planets are nearly circular. They 
are ellipses of small eccentricity, but the path of Mars is markedly 
eccentric. The result is that the distance of the planet from the 
earth during its opposition periods is not constant. 

External or superior planets do not show the entire cycle of 
phases that the moon does, though their configurations are similar to 
the moon’s. At conjunctions and oppositions, these planets are full, 
and in other positions highly gibbous. 

Mars comes nearest to the earth at a favourable opposition, i, e., 
when both the planets are near perihelion. While it is visible to the 
paked eye at all its oppositions, it is seen at its b?st at a favourable 
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opposition, for then it is full and shmes as a large disc with a red 
light, excelling Jupiter in brilliancy SOch a favourable opposition 
occurs at intervals of 15 to 17 years After 1909, itoccnrred in 1924 
The diameter of Mars is 4,215 miles Its mass is nearly Oil, 
* c , slightly over a tenth of that of the earth, so that its weight 
would he about 725 quintiUion tons Its rotation time is 24 bis 
37 m , and revolution period 687 days 

Mars IS also called m Hmdo Astronomy Kuja, Bhumipuira (son 
of the earth), and owing to its ruddy lustre, Lohttaka ( resembling a 
ruby in colour) 

Approxtmatt dislanee 
jrotn the Earth 

(13) Halley’s Comet at penhelion . 4i5 million m 

Note — The comet returns to this point once m 76 5 years 

(14) Mars at average opposition . 49 million m 

(15) Nearest Distance of Intenor ") 

Planet Mercnty—Budka m ^ somiijonm 
Hindu Astronomy J 

Note 

Meccttty is the nearest planet to the sun Its orbit being highly 
eccentric, there is very considerable difference between its aphelial 
and penbelial distances Its orbit is said to be more eccentnc than 
that of any other planet But if similar figures in respect of the 
newly discovered planet Plato be approximately correct, it wonld 
put Mercury completely in the shade in so far as concerns orbital 
eccentricity Mercury comes nearest to the earth at an inferior 
conjunction when the former is at aphelion, » e , at its farthest dis 
tance from the sun 

Both Venus and Mercury, at mfenor conjunction, rise and set 
with the son, and as their unht hemisphere is then turned towards 
the earth, the planets are not visible to us At superior conjunction, 
t e , when the sun comes between flie earth and the planet, the 
whole of their illuminated side is turned towards us, but as even 
then they rise and set with the sun, their light is usually lost in its 
rays In other positions, Mercnry is visible to the unaided eye as 
a more or less credent shaped body, for some days in autumn as 
the Mofmng Star (Apollo, as the aimient astronomers called it) before 
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sunrise, and occasionally in spring as tlie Evening Star (Hermes) 
after sunset, when it is near i*s maximum elongation from the sun. 

The diameter of the planet is 3,100 miles. Its mass is 0-04 of 
that of the earth. It would thus weigh nearly 264 quintillion tons. 

Approximate distance 
from the Earth 


(16) Maximum Distance of Mars in' 
opposition— occurring at an opposi- . 
tion when both the planet and ' 
the earth are at aphelion 


62-9 million m. 


(17) 


Nearest Distance of the Sun, i.e., on' 
the 1st of January, when the Earth is 
in perihelion in the course of its 
revolution 


91-5 million m. 


(18) Mean Distance of the Sun ... million m. 

Note. — As all the planets including the earth revolve in elliptical orbits 
with the sun at one of the foci, their distances from the sun vary in the 
course of their revolution. But the orbits of the Earth and Venus are 
very nearly circular. 

(19) Farthest Distance of the Sun, i.e., on *) 

the 1st of July, when the Earth is in ^ 94-5 miiion m. 
aphelion J 

(20) Farthest Distance of Mercury— occur-'] 

ringwhen it is simultaneously at aphe- j- 136 million m. 
lion and superior conjunction J 

(21) Farthest Distance of Venus— occurring J 

when simultaneously at perihelion j- 130 million m. 
and superior conjunction J 

(22) Farthest Distance of Asteroid Eros— I 

occurring when simultaneously in 227 million m. 
aphelion and conjunction J 

Note. — An asteroid or an external planet is said to be in conjunction 
when the sun comes between that body and the earth. 


(23) Farthest Distance of Mars— occurring'] 

when simultaneously in aphelion and >• 246 million m. 
conjunction J 


(24) Nearest Distance of External Planet' 
Jupiter— Gwrw or Braliaspati in Hindu 
Astronomy — occurring when j|i 
favourable opposition 


367 million m, 
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Note 

Jupiter 13 visible to tbe unaided eye as a very bnlliant object, 
but surpassed by Venus, and occasionally by Mars, m bngbtness 
It 13 easily distinguished from Venus, for the latter is not visible at 
midnight, while Jupiter can be seen even at midnight 

Jupiter IS the largest of the planets, with a diameter of 88,640 
miles As the sizes of spheres vary as the cubes of their diameters, 
It is thus nearly 1,400 times larger than the earth Its density, 
however, is about one fourth of the earth’s Its mass is only 316 94 
times that of our globe The weight of the planet would thns be a 
little over 2 septillion tons It rotation period is only 9 hrs 56 m , 
and It tabes 11 85 years to complete one revolntion round the son 

ApproXimaU ^siantt 
from the Earth 


(2S) Farthest Distance at which Halley’s) 593 
Comet has become Visible J 

Note.— It was nouced as a tiny hazy patch when viewed through 
the telescope 


(26) Farthest Distance of Jupiter— occur ■) 

nng when simultaneoudy in aphelion J- 600 nuDioo m. 
andf conjunction } 


(27) Nearest Distance of External Planet' 

Saturn— 5to/ in Hindu Astronomy , y^souUioain. 

—occurring when in favourable op 

position 

Note 


Saturn is the second largest planet It usually appears to the 
caked eye as a yellowish object just as bright as a star of the 1st 
magnitude Its egoatoriai diameter is 75,100 miles and polar 
diameter 67,200 miles In shape, therefore, it is an ellipsoid 
Its density is only about one eighth of the earth’s or 0 69 
of that of water, though m size it is over 780 times larger than our 
globe Its mass is 95 2 times the earth s, so that its weight would 
be about 627 sevtiUion tons 

As a planet s rotation period is determined by observation of any 
permanent or lon^tanding spots, the vnrtnal absence of spots on 
Saturn s surface makes such determination dilEcnlt Astronomers 
have however sui^ded m tracing a few spots near fiie planet ? 
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equator, and from these they have calculated its rotation-period to 
be about 10 hrs. 14 m. Its ^riodic time is given as 29-5 years. 

Owing to its ring system, Saturn is the most beautiful telescopic 
object in the whole host of heaven. Its rings are not continuous 
sheets, but consist of a number of objects resembling a swarm of 
meteors revolving round the planet. 

Approximale distance 
from the Earth 

(28) Farthest Distance of Saturn— occur-') , 

ring when simultaneously in aphelion [■ i:o27bi£m 
and conjunction J 

(29) Nearest Distance of External Planet') 

Uranus — occurring when in favour- [■ 1-609 billion m. 
able opposition J 

Note 

Uranus is barely visible to the unaided eye. 'its diameter is 
32,000 miles. It is thus nearly 66 times larger than the earth, but 
its density is only one-fourth of that of our globe. Its mass is 14-6 
times the earth’s. The weight of the planet would therefore be 
about 96 sextillion tons. It rotates on its axis in 10 hrs. 42 m,, 
and its revolution-time is a little over 84 years. 

Hindus call this planet Vamna. 

(30) Farthest Distance of Uranus— occur-') 

ring when simultaneously in aphelion j- 1-951 bmionm. 
and conjunction J 

(31) Nearest Distance of External Planet') 

Neptune— occurring when in favour- J- 2-669 billion m. 
able opposition J 

Note 

Neptune is invisible to the naked eye. Its diameter is 31,000 
miles, so that it is nearly 60 times as large as our globe, but its 
density is only 0-24 of the earth’s. Its mass is 16-9 times that of 
the earth. It would thus weigh about 111-4 sextillion tons. Nep- 
tune’s rotation-time is given by some astronomers as 15 hrs. 
48 m., but according to Jeans, its rotation-period is unknown. 
Its revolution-period is 164-8 years. ♦ 
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Appraamaie iBslance 
from the Earth 

(32) Nearest Distance of external Planet”) 

Pluto— occumng when in favourable }-2 703biUionm 
opposition j 

Note 

This planet was discovered m 1929 by the Lowell Observa 
tory at Flagstaff, Arizona, U S A Its existence had been suspected 
for o\er half a century owing to the discovery of rainnte perturba 
tions of Uranus, not caused by Neptune but by the gravitational 
pull of some unknown planet Among the earlier astronomers who 
attempted to track it down were Pickering and the late Professor 
Percival Lowell Its density has not yet been ascertained with any 
precision As for its probable size and mass compared with those 
of the earth, the latest information we ha\e come across is that 
contained m an article contributed to Sctenltjic Amencan of May 
1932 by Dr H N Russell, Director of the Observatory at Prince 
ton University, USA, wbo says — 

* Direct calcuhtioos of the perturbations oi Uranus and Neptune by 
Pluto show that the former at (east could be detected if the new planet a 
mass were greater than the earth e Moreover the fatntness o{ the planet 
and the failure of experienced observers to see any perceptible disc 
With the greatest telescopes indicate that Pluto must be smaller than 
the earth and probably no bigger than Mars m which case its mass 
IS doubtless correspondingly smaL Unless Pluto has a satellite bnght 
enough to be photographed with the great reflectors it may be a long 
time before we have any accurate knowledge of its mass ' 

Under these circumstances it is at present impossible to calcu 
late the probable weight of Plato 

(33) FarthestDistanceof Neptune— occur I 

nng when simultaneously in aphelion ?• 2 WibiUionm. 
and conjunction J 

occurring when simultaneously m )-3i92baiioani. 
aphelion and conjunction ) 

— xhe nearest distance to wbidi this body approaches the sun is 
50 million miles the comet then coming within the orbit of the earth while 
its apheUal distance is as great as 3 100 imllion miles or 62 times greater 
The ellipse representng its orbit must therefore be one of extreme elonga 
tioQ or eccentricity 
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Approximate distance 
from the Earth 

(35) Farthest Distance of Pluto — occur-") 

ring when simultaneously in aphelion f 4-692 baiionm. 
and conjunction j 

Note 

If Pluto’s distances from the sun as announced are approxi- 
mately correct, then a proportionately larger difference exists between 
its perihelia! and aphelial distances than in the case of any other 
planet. This must be due to the extraordinary eccentricity of its 
orbit. There would consequently be times when Pluto follows a 
course within the orbit of its nearest planetary neighbour, Neptune, 
after crossing its path. 

It was announced some time ago that a photographic plate taken 
by the Canadian Observatory at Ottawa in 1924 revealed, when 
scanned 6 years later, the existence of a heavenly body beyond 
Neptune and that Shapley had given the weight of his authority to 
the announcement that this body was another trans-Neptunian 
planet. Now comes the report that Pickering claims to have defi- 
nitely discovered this other planet which he has for the present 
named ‘ Planet P’. Its existence is said to have been first indi- 
cated by the ‘wobbling’ of Uranus. Pickering describes it as a 
gigantic world with a diameter 5 times that of the earth and revol- 
ving round the sun at a distance of perhaps 9 billion miles, and 
says that its year is 656 terrestrial years in length. But Sir Frank 
Dyson, the Astronomer Royal, is cautious on the subject of this 
reported discovery, and remarks that he would be inclined to be 
sceptical if Pickering has based his conclusions on the perturbations 
of Uranus. Until, therefore, the existence of a tenth planet beyond 
Pluto is finally confirmed, we must look upon the latter as the 
outpost of the solar system. 
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CHAPTER XI 
The Moon 

0 moon I the oldest shades 'mong oldest trees 
Feel palpitatioQs tvbeo thou lookest iQ : 

O moon ! old boughs hsp forth a hoher dm 
The while they feel thme any fellowship 
Thou dost bless everywhere, with silver Lp 
Kissing dead things to life The sleeping kme, 
Couched in thy brightness, dream of fields divine : 
Innumerable mountains nse, and nse. 

Ambitious for the hatlowiog of thine eyes; 

And yet thy benediction passeth not 
One obscure biding place, one little spot 
Where pleasure may be seat , . . , 


The monstrous sea is thlne*-the ciynad sea I 
O Mooq ! far spoomtng Ocean bows to thee. 

— Krsfs 

The most important theory of the origin of the moon is 
that it was formed by a huge fragment wrenched off from 
the earth more then a billion years ago. It is believed that 
ourplanet, when born, was a perfect sphere of gas. This 
gaseous ball was spinning so rapidly that it first took the 
shape of a spheroid and then of an egg. As the oval mass 
rooled and condensed into a liquid, it began to spin with 
even greater rapidity than before until it assumed the form 
of a pear. ‘ The stalk of the pear developed a bulb, and the 
waist of the stalk became thinner and thinner.’ The day 
was now only three hours long. ‘ Tides raised by the sun 
aided centrifugal force in distorting the earth/ The liquid 
pear, which had been covered by this time with a crust 35 
miles thick, could not resist this combined onslaught. The 
stream of matter that formed the bulb was suddenly torn 
off. In this great planetary catastrophe our satellite was 
born. Some astronomers hold to another theory, viz., that 
the basin now filled by the Pacific Ocean supplied the 
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material that went to form the moon. This theory is refu- 
ted on the ground that th# Pacific basin is only l/30th as 
large as the moon and that a quantity of material enough 
to fill even three oceans — the Pacific, Atlantic and Indian 
— ^would not suffice to make up a moon. 

Of all the heavenly bodies, the moon, to us on the 
earth, is second only to the sun in importance and interest. 
It is the nearest to us of all the celestial objects. Its appa- 
rent big size is due .to its very small distance from us, 
compared with the distances of the sun, the planets and 
the stars. It is spherical in shape and is one of the smallest 
bodies visible in the heavens. The moon’s diameter is 
about 2,160 miles, so that its volume is only about l/49th 
of that of the earth. Its density is about 0-6 as much as the 
earth’s, as the moon is composed of relatively lighter 
materials. Its mass is 1/81-56 of that of our globe. The 
weight of the moon is thus 80 quintillion tons, or 58 times 
the weight of all our oceans. 

Like the sun and the planets, the moon also rotates on 
its axis. It is the earth’s sole and faithful satellite and 
revolves round it in an elliptical orbit in about 27^- days. 
This period is called a sidereal month. The same also is 
the moon’s rotation-period. One result of its revolution 
is that the moon changes its appearance from day to day 
in the course of a month. These changes, as seen 
by us, are called Phases of the Moon. The interval of 
time between two phases of the same kind, e.g., between 
one full moon and the next, is known as a synodic or lunar 
month. Its length is slightly more than 29i days. 

The moon is not a self-luminous body. It is a dark 
sphere like our own globe. It shines solely by reflected 
sunlight, and accordingly only one half of it is lit up at a 
time. In the course of its revolution, its illuminated hemi- 
sphere is presented to us in varying proportions. Thus it 
is that we sometimes see a crescent, sometimes a half, 
sometimes a gibbous moon, and at other times a full moon. 
When the moon is in conjunction, i.e., comes between the 
earth and the sun, its lit-up side is completel^^ turned away 
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from us, and we then have dark nights. This phase is 
called New Moon. c 

The moon always turns the same side towards us. We 
therefore never obtain a view of its other hemisphere. 
This is due to the circumstance that it takes exactly the 
same time to go once round on its own axis as it does to 
complete one revolution round the earth. 

Examination through a telescope shows the lunar sur- 
face to be extremely rugged. The moon’s details have 
been closely studied with the help of this instrument and 
have even been mapped. Its surface is strewn with cra- 
ters, mountain chains, plains, rills or clefts, and ‘rays', 
many of which have been given names for identification. 

The craters are conspicuous ring-like objects scattered 
over the moon’s surface in profusion. They are believed 
to be its extinct volcanoes. The smallest of them, or era* 
terlets, are 1,000 feet across or less, but some are of 
enormous size, the largest measuring as much as 150 
miles in diameter, and are surrounded by lofty walls like 
crenellated ramparts rising to a maximum height of 
24,0W ft. They have thus the appearance of vast amphi- 
theatres. The total number of craters of all sizes has been 
estimated at upwards of 30,000. 

The mountain ranges are few in number. The most 
prominent of them are called Apennines, about 450 miles 
long, the highest being the Leibnitz and the Doerfel. Near 
the south pole of the last two ranges and almost beyond 
the moon’s limb, there are peaks with elevations of 26,000ft. 
Sir Robert Ball says that ^e highest peak of the Leibnitz 
has been found to be more than 41,900 ft. above a neigh- 
bouring valley. By way of comment he adds that, in com- 
paring the heights of lunar mountains with those of 
terrestrial ones, in the lattw case the depth of the ocean 
must be added to the elevations of the peaks, and that, 
calculated on this basis, the highest mountains on the 
earth will be found to be higher than any known in the 
Iqnar world, Tet in proportion to the size of the moon, it 
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can be said that the lunar mountains are much loftier than 
those of the earth. , 

The dark patches covering part of the moon’s surface 
and so conspicuous at an ordinary full moon, represent 
the plains. They were believed to be seas by astronomers 
before the invention of the telescope. The number of such 
‘seas’ is 14, and though they are really deserts often cover- 
ed with craterlets and rocks, their names— More Foecundi- 
tatis, Mare Serenetatis etc. — are still retained. The largest 
is Mare Ibriu7n, which is a little over 700 miles across. 

Rills or clefts are deep, narrow, irregular chasms, about 
half a mile across, between parallel ridges or elevated por- 
tions. More than 1,000 such abysses have been discovered. 

Rays are a system of bright streaks, with a maximum 
width of 10 miles, which radiate from the vicinities of some 
of the craters and generally traverse mountain and valley. 
At full moon, Copernicus, one of the grandest and best 
known of the craters, is seen surrounded by these streaks. 

In the course of its revolution round the earth the moon 
comes in opposition from time to time, so that the 
earth finds itself between the sun and the moon. Our satel- 
lite sometimes passes then through the earth’s shadow and 
is obscured. It is then said to be eclipsed. Lunar eclipses 
occur only when the moon comes in opposition at a full 
phase. They may be either partial or total and are visible 
wherever the moon is above the horizon at the time. They 
are thus observable over more than half of the- earth, 
taking into account that portion of it which, during 
the earth’s rotation, keeps the moon into view. A total 
eclipse may last as long as four hours. 

A peculiar phenomenon noticeable in clear weather at a 
total lunar eclipse is that, in spite of its surface being 
darkened, the moon sends forth a faint reddish light. Sun- 
light traversing our atmosphere near the edge of the earth 
is refracted into its central dark shadow, and the enfeebled 
beams impart to the moon a dull light of coppery hue. 
Occasionally the parts of the moon’s disc near the edge of 
the shadow show a bluish-grey tint. A lurftr eclipse furni- 



262 


WONDERFUL UNIVERSE 


shes one more proof that the earth is round, for the earth’s 
shadow falling on the moon is seeq to have a circular out- 
line. But the phenomena accompanying lunar eclipses are 
of little astrophysical interest to day unlike those attending 
eclipses of the sun. 

The moon’s gravitational pull is only ^ of that of the 
earth. Thus a body falling at the earth's surface 16 feet 
for the first second would fall only 2 ft. 8 inches for the first 
second on the moon. A man weighing 125 lbs. on the 
earth would weigh only 21 lbs. in the lunar world in a 
spring-balance. SHe would not very much mind a jump 
from a height of 42 ft. there, for it would mean to him no 
more than a 7-ft. jump from a wall on the earth, and it 
would take him six times longer to reach the ground. 
Similarly, a leap from the ground there would take him 18ft. 
high, while he would only rise a yard on the earth. 

The moon, by its power of attraction, causes the daily 
ebb and flow of the tide — the scavenger of our seacoasts. 

We reserve a description of the extraordinary physical 
conditions on the moon and of the lunar ‘skyscape’» for a 
later chapter. 



CHAPTER XII 
The Sun 


Oh J what pencil of a living star 
Could paint that gorgeous car, 

In which as in an arc supremely bright, 

The Lord of boundless light 
Ascending calm o'er the Empyreum sails, 

And with ten thousand beams his beauty veils. 

— Hymn to the Sun : Translated by Sir William Jones 

Yonder comes the powerful king of day, 

Rejoicing in the east. The lessening cloud. 

The kindling azure, and the mountain’s brow. 

Illumed with fluid gold, his near approach 
Betoken glad. Lo 1 now apparent all. 

Aslant the dew-bright earth and coloured air, 

He looks in boundless majesty abroad ; 

And sheds the shining day, that burnished plays 
On rocks, and hills, and towers, and wandering streams, 
High-gleaming from afar. Prime cheerer. Light 1 
Of all material beings first, and best 1 
Efflux divine I Nature's resplendent robe 1 
Without whose vesting beauty all were wrapt 
In unessential gloom ; and tbou, O Sun 1 
Soul of surrounding worlds 1 in whom best seen 
Shines out thy Maker 1 may I sing of thee ? 

— Thomson 

The sun is the great dispenser of light and heat to the 
•earth and the other planets. Little wonder, therefore, 
that it was worshipped by the ancients as the visible 
emblem of divine power and glory. 

The sun’s diameter is about 866,000 miles, and as the 
mean diameter of our globe is 7,918 miles, the sun is about 
1,300,000 times larger than the earth. It is about 750 times 
larger than all the planets put together. 

Our luminary is an immense globe of wl^jte-hot vapours. 
Its surface temperature is estimated at between 6,000® and 
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8,000^ C., and central temperature at 40 million deg. C. 
This central heat, says Jeans, ic so fierce that oxygen 
atoms would break up in it, so that no atoms of this ele- 
ment could exist at the sun's centre except only as a 
promiscuous flock of nuclei and electrons flying about 
helter-skelter. But terrific as this heat is, it is not suffici- 
ently powerful to completely break up other types of 
atoms. While these latter are losing their outer electrons, 
their nuclei are holding the innermost electrons in so tight 
a grip that even so terrific a temperature as 40 million deg.C. 
is too weak to dislodge them. 

Until recently it was assumed that the temperature at 
the solar surface was uniform throughout, but according 
to a new theory advanced by Professor Albert Einstein, 
the solar body is cooler at the equator than at the poles. 
Einstein believes the movement of the atmosphere over 
the sun’s surface to be due to the inequality of temperature 
between its poles and its equator. This difference is ac- 
counted for by a more active radiation along the equator 
than at the poles, which makes the surface less hot at the 
equator. The sun’s heat is so intense and its light so dazz- 
ling that great care is taken in viewing this body through 
a telescope, A special eye-piece with a suitable dark glass 
is used as a protection for the eyes. 

The total number of known elements is 92, of which 90 
are found on the earth. The solar spectrum has shown 
that in the sun’s atmosphere 61 elements are represented 
with varying degrees of probability, all in a gaseous or 
vaporous state. Chief among these are hydrogen, helium, 
oxygen, nitrogen, carbon, sulphur, sodium, potassium, 
calcium, cobalt, nickel, iron, copper, zinc, tin, lead, 
aluminium, magnesium, manganese, silver, chromium 
and strontium. Oxyen, nitrogen, carbon and sulphur 
exist in the atomic state, and a large proportion of the 
metals occur in the neutral as well as ionized states. If 
the tidal theory of the origin of the solar system— which we 
find has been attacked in recent months by a few scientists 
—is correct, alfthe other elements found on the earth which 
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have not been so far traced on the sun must be present in 
its interior. • 

The' bright visible exterior of the sun is called the 
Phoiosphere.lt is thispart— a relatively thin layer of intense- 
ly hot, cloud-like, condensed vapours— which sends forth 
all the heat and light received by the planets. It was for 
centuries believed that the sun had a pure and spotless 
surface, but in 1610 Galileo, the great Italian astronomer, 
discovered through his telescope, for the first time, dark 
spots on it. These are called Sunspots. They are immense 
volcanoes which, according to one theory, are produced by 
gigantic whirlpools or vortices set up between the great 
moving layers of superheated, glowing gases within the sun, 
‘ each a spiralling funnel moving at incredible velocity, 
spurting up clouds of hydrogen, calcium and other elements, 
sucking the fiery vapours back into its capacious crater 
where atoms are smashed, stripped, excited into intense 
radiation and bombarded into space.’ Thus every sunspot 
that crosses the face of the sun pelts the earth and the 
other planets with a hail of these electrical missiles. It 
has been found from observations extending over more 
than two centuries that the number of auroral displays 
over the earth closely follows the number of spots on the 
sun. This is the most important datum on which many 
scientists base their view that aurorae are caused by this 
bombardment from the sun. It is this bombardment, again, 
which in their view produces such terrestrial changes as 
cold waves, droughts, floods and those atmospheric distur- 
bances known as magnetic storms which are frequently 
accompanied by earth currents of electricity, sometimes 
powerful enough to seriously interfere with the working of 
the telegraph and telephone lines and submarine cables. 
They also believe that it is the collision of these high-speed 
ionized particles ejected from the sun, with the atoms of 
of our upper air, that is responsible also for the radio 
difficulties which recur with the increase of sunspots. The 
activity of a sunspot continues until the internal pressure 
is relieved. It is ‘as though the sun had occasional stomach- 

34 
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aches caused by the formation of gas.’ With the subsidence 
of the pressure to a point which cis less than the weight 
of the outside layer of the sun, the crater closes up. 

Sunspots are mainly found in two zones on each side 
of the solar equator, but rarely in latitudes higher than 
35°. Their dimensions vary considerably. Some are very 
small. They are sometimes so enormous in size that they 
are frequently visible to the naked eye at sunset, and at 
other parts of the day can be observed through a smoked 
glass or a piece of densely fogged photographic film. They 
often appear in clusters, and a large spot is often attended 
by several smaller ones. One large group of spots obser* 
ved in February 1892 was found to be about 150,000 miles 
long and 75,000 miles broad, thus covering an area of 
about 11 billion sq. miles on the face of the sun 1 Another 
vast procession was observed in October or November 1929, 
which, according to report, extended along the solar disc 
over a phenomenal length of 700,000 miles, ».<?., more than 
four-fifths of the sun's diameter! One other remarkable 
factor about this unusual outburst was that it had been 
predicted by Dr. Stetson ten or eleven months prior to the 
occurrence, with such data as previous sunspot records 
afforded as to their periodicity. A giant spot observed 
on lOth March 1929 is reported to have been about 1*5 
billion sq. miles in area. 

Telescopic examination of the larger sunspots has 
shown that they usually consist of a central, apparently 
dark nucleus called the umbra, surrounded by a lighter 
margin called the penumbra. The penumbra is seen as a 
dense ring of filaments, looking like blades of straw, radia- 
ting towards and usually curving in the direction of the 
spot-centre. Both the umbra and the penumbra are in 
fact exceedingly luminous, but appear dark only by con- 
trast with their much brighter photospheric envelope. 

The average duration of sunspots is three to four 
weeks, though one spot lasted 18 months in 184041. The 
smaller ones often disappear within a few days, in sorne 
cases within a few hours. Sunspots wax and wane in 
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cycles, the average interval between successive maxima in 
number and size being Uyears and 4 months. The distri- 
bution in latitude of the spots also shows a periodic change 
during the sunspot cycle. 

An important discovery was made in 1909 at the Solar 
Physics Observatory at Kodaikanal ( India ) regarding the 
structure of sunspots. It is since known as the ‘ Evershed 
Effect’. Mr. John Evershed showed that in the penumbrae 
of spots the metallic vapours indicate a radial movement 
outward from each spot-centre, the velocity of movement 
amounting to over 2 km. per second at the outer limits of 
the penumbrae. He also showed that in the higher Chromos- 
phere, a region of the sun’s atmosphere described below, 
ionized calcium and hydrogen vapours show an inward 
radial movement towards the spot-centre, the velocity of 
this flow being about 1-5 km. a second. 

In the vicinity of sunspots are frequently seen brilliant 
streaks or patches called faculae, a Latin term mean- 
ing ‘ little torches ’. They are most clearly observed when 
they come to the limb or circumference of the sun, as the 
solar disc is less bright at the edges than at the centre. 

The lowest layer of the sun’s atmosphere, which lies 
immediately above the Photosphere, is called the Reversing 
Layer. It is a few hundred kilometres in thickness and 
contains all the elements found in the solar atmosphere. 

At ordinary times the less luminous appendages of the 
solar disc are not visible. These wonderful phenomena be- 
come visible at a total eclipse of the sun, an occurrence 
briefly dealt with later. The solar envelopes then to 
be seen are : — 

(1) The Chromosphere, which is the upper stratum of 
the solar atmosphere, extending immediately above the 
Reversing Layer. It is so called owing to the coloured lines 
'shown in its spectrum. It is a brilliant and tumultuous sea 
of scarlet flame, 7,500 to 8,750 miles in height, consisting of 
permanent, incandescent, non-condensable^gases and va- 
pours of extreme tenuity, though it is less luminous than 
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the Photosphere. It contains most of the elements present 
in the sun. o 

{2) ‘ Prominences or Proittberances. These are vast mas- 
ses of the vapours of the Chromosphere, usually of crimson 
colour, which are tossed from time to time from the 
luminous surface of the sun to heights of 100,000 miles 
or more. Their red colour is due to the glowing hydro- 
gen. They often assume fantastic shapes as they rise. 
Since the invention of the spectroscope in ife a 
method has been devised to observe them by means of this 
instrument even in the absence of a solar eclipse, and since 
then they have been systematically studied. They are now 
photographed with the spectroheliograph on every clear 
day. 

Prominences are of two kinds, quiescent and eruptive. 
The former are of huge size, but are faint and remain un- 
changed above the solar surface like clouds for days 
together. They occur at all parts of the sun's limb. They 
are composed mainly of hydrogen and helium and vapours 
of calcium. The eruptive prominences are brighter, more 
active and subject to rapid changes. Besides hydrogen, 
helium and calcium, their discharges contain sodium, iron, 
magnesium and other metals. They frequently leap up as 
narrow tongues of flame with enormous velocity. At a total 
eclipse of the sun they add to the spectacular grandeur of 
the phenomenon. Unlike the non-eruptive prominences, 
they appear only in the sunspot zones. They have the 
same periods of maximum and minimum activity as the 
spots, viz., 11 years and 4 months. 

Professor Young gives an account of a remarkable pro- 
minence seen on 7th October 1880 at about 10-30 a. m. It 
was at that moment about 40,000 miles high. Half an hour 
later it became very brilliant and doubled its height. For 
another hour the mighty flame soared upward until it 
attained the great height of 350,<KK) miles. At this point it 
seemed to have exhausted its energy, for it broke up into 
fragments, and within two hours of its first appearance the 
phenomenon ha9 completely faded away. Its vertical speed 
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was thus 43 miles a second. The Sphere of 25th June 1927 
contains a reference to en^tive prominences observed which 
shot up to a height of 500,000 miles at a speed of 300 miles 
per second or over a million miles an hour ! But even this 
height record has since been broken by a prominence 
photographed at intervals during its rapid rise, at the 
Kodaikanal Observatory, on 19th November 1928. It had 
reached a height of 567,000 miles, a value nearly two- 
thirds of the sun’s diameter, when clouds unfortunately 
intervened. The greatest velocity attained by this promi- 
nence was 143 miles a second. 

Incidentally it may be mentioned that it was at this 
observatory that a shift in the lines of the solar spectrum 
towards the red end, in accordance with the values pre- 
dicted by Einstein’s Theory of Relativity, was first observed 
in 1914 by Evershed and Dr. Royds, and confirmation was 
thus obtained of this part of the theory. 

(3) The Corona or Aureole of Light, which is a pic- 
turesque filmy halo of complex structure around the limb 
of the sun. It is brightest near the sun but fades away 
into faint but enormously long streamers which, according 
to Abbot, shoot up to heights commonly of 2-5 to 3-5 mil- 
lion miles, the greatest height recorded being about 8-5 
million miles. The streamers at the solar poles are shorter 
and of a characteristically curved shape. The corona is 
the outermost solar envelope and is seen as a luminous 
circle of pearly colour surrounding the black body of the 
moon at a total eclipse of the sun. It is like moonlight 
streaming from behind a charred and absolutely lightless 
moon ! At such times the corona is one of the grandest of 
natural phenomena. Eclipse observations during the last 
half-century have shown that it shines partly by its own 
light but mostly by reflected sunlight. It is exceedingly 
tenuous and would appear to be composed partly of 
cosmic dust and partly of gaseous matter. 

We know that, when the moon in the course of its 
revolution round the earth comes between the sun and our 
planet in such a position that the centres of ^{le three bodies, 
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if joined would form a straight line, and the moon^s shadow 
fully reaches the earth, the resultris a total eclipse of the 
sun This shadow sweeps across the earth’s surface with 
great swiftness from west to east The totality therefore 
IS generally of a few minutes’ duration, the maxmium 
recorded being only 7 minutes 40 seconds, and the minimum 
barely 2 seconds The next total eclipse of the sun ex 
pected to be visible in India ts predicted to occur on 20th 
June 1955, when the regions swept by the shadow will be 
Ceylon Siam and the Philippines According to calculations, 
it will last fully 7 minutes 

A total eclipse of the sun is a rare sight at any parti 
cular station As a spectacle it ranks among the most 
sublime and aweinspiring of celestial phenomena The 
astronomer Howe gives a most impressive description of it 
and of the remarkable phenomena which accompany it — 

* Just before the son is entirely covered, the landscape assumes 
an unearthly hue Awe seizes the beholder, one sometimes sees 
die moons shadow advancing throogh the air with terrifying 
s>Mftness as if to smite him In a few seconds it reaches him, 
and the last ray of sunlight is gone , the planets and bright stars 
appear Around the black ball now banging in the sky, the 
pearly corona flashes out m all its weird beauty At its base glow 
the prominences like rubies set in pearl Men s faces grow 
ghastly The silence of death is upon the beholders Soon there 
IS a sudden flash of sunlight at the western limb of the moon , 
the corona and the prominences fade apace The gloom is over 
past and silence gives place to exclamations of wonder and 
delight ' 

If such IS the impression a solar total eclipse makes 
upon man what js its effect on ammals? Let us quote 
the answer 

*Bees return to the hive Chickens go to roost Caged birds 
put their heads under their wings Bats and owls fly out 
of their accustomed retreats Dt^s are terrified, and sometimes 
howl dismally Horses have been known to he dov^n in the 
public highwa^aud refuse to advance Some oven were once 
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seen to range themselves in a circle back to back, with horns 

outward, as if to resist afl attack. ’ 

Another interesting phenomenon usually attendant on a 
total eclipse of the sun is that known as Baily’s Beads— 
named after the English astronomer, Francis Baily, who 
first noticed them during a solar eclipse. They present an 
appearance somewhat similar to a string of beads. They 
are the last glimpses we have of the solar disc just before 
the commencement of totality and are also the first glimpse 
of that disc after the totality is over. The effect lasts for 15 
seconds each time and is caused by the breaking up of the 
narrow crescent of sunlight in several places owing to the 
rugged, mountainous character of the moon’s surface. A 
single bead produces what is called the diamond-ring effect. 

The area darkened by the moon’s shadow on the earth 
at a total eclipse of the sun is only about 167 miles in dia- 
meter. With the advent of the aeroplane it struck a scien- 
tist to attempt to take an aerial photograph of this shadow 
on the earth at a solar eclipse, and Dr. Jeffreys succeeded 
in doing so for the first time from a height of 10,000 feet. 

During a total eclipse of the sun when the earth is 
passing through the full phase and the moon is new, an 
observer on the moon would see its tapering shadow sweep 
across the illuminated disc of the earth as a small black 
spot surrounded by a lighter circular shadow whose edges 
are not clearly defined. 

In a paper read before the Societd Frangaise de Physi- 
que, Mons. Bernard Lyot of the Meudon Observatory near 
Paris announced an achievement of high importance, the 
result of a series of observations made by him on the sum- 
mit of Pic du Midi ( 9,466 ft. ), a peak of the Pyrenees in 
Southern France, in the summer of 1931. He succeeded 
in obtaining observations of the light of the corona with- 
out the aid of a total eclipse. Using a faultless telescopic 
objective and stopping it down to an aperture of 4 centi- 
metres ( 1-575 inches ) in diameter, he placed in the focal 
plane a blackened disc whose radius reached an angular 
distance of 30 seconds ( — 2-5 inches in the duodecimal 
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system ) beyond the radius of the sun’s image. Another 
lens placed behind the disc produced an image of the 
first lens on a diaphragm, and the hole in the centre of 
the diaphragm was covered by a small opaque screen. 
The edge of the diaphragm intercepted the light diffracted 
by the edges of the first lens, and the screen cut off the 
light of the sun’s image formed by the internal reflection 
from the faces of that lens. A well-corrected objective 
placed behind the diaphragm and the screen produced 
an image of the corona. On examination of this image 
with an eye-piece, the prominences could be seen round the 
limb of the sun with a rose-red colour. In particularly 
favourable conditions of weather, the corona could be 
photographed by means of a red filter. 

In an article in the French journal, VAsironomk, for 
June 1932, Lyot states that the brightness of the inner 
corona is nearly equal to that of the planet Mars, which Is 
easily seen in daytime. 

One of the greatest obstacles to observation of the 
corona under ordinary conditions is the presence of parti* 
cles of dust in the air and the diffusion of sunlight caused 
by the gas molecules in the atmosphere. The higher levels 
of the Western Himalayan peaks are noted for the clear- 
ness of the air. Were an instrument of the kind used by 
Lyot installed at a convenient elevation here, it ought to 
be possible to obtain results still better than those secured 
by him. 

At the Faraday Centenary celebration in London in 1931 
Professor Elihu Thomson predicted that television would 
some day make it possible for the whole world to see a 
total eclipse of the sun in whichever part of the earth it 
occurred. Mr. 0. H. Caldwell of New York gave an inge- 
nious and impressive demonstration on 24th November 1931 
at the American Museum of Natural History, in which he 
showed what could be done even with present methods to 
televise a solar eclipse. Since no eclipse was available at 
the moment, a drawing of the sun speckled with sunspots 
was gradually 'observed through a slightly smaller disc 
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representing the moon. The result was an approach to an 
annular ecUpse. As the torona cannot be produced arti- 
ficially, something resembling it was produced to enable , 
the assembled engineers to judge what could be shpwn on 
televising screens when the next eclipse became visible m 
that part of America. 

In recent years, at total solar eclipses astronomers were 
occupied with the photography of stars dose to the sun m 
order to ascertain whether their light is deflected in the 
sun’s gravitational field according to Einstein^ theory At 
the ^t African eclipse of 1919 they obtained photo- 
sraohs on which a deflection was clearly showr^ and this 
deflection was of the amount predicted by the Theory of 
Relativity. 

A hazy conical band of light known as the zodiacal light 
is observed in spring stretching upward from the pomt in 
the horizon where the sun has set. A similar spectacle 
may be seen before sunrise in autumn. This phenomenon 
is usually ascribed to light reflected from a lens-shaped 
cloud composed of solid particles, presumably a swarm of 
meteors lying in intra-Mercunal space too small to be 
seen individually and revolving round the sun ]ust as the 
rings of Saturn do around that planet. 

The magic colours normally displayed at sunset, varying 
from a clear bright white to orange and crimson, are due 
to the scattering of light by the minute gas molecules of 
the air Certain subterranean forces too of our world 
indirectly enhance the beauty of the rising and setting sun, 
though this happens on extremely rare occasions. The sky 
at sLet becomes at such times to use the words of 
Ruskin, ‘ one molten mantling sea of colour and fire . The 
unusual sunset glows due to the clouds of yolcamc dust 
spreading over the earth at the great outburst of &akatoa 
d^cribed in Chapter IV, were so imposing in their splen- 
dour as to stir Tennyson to refer to the phenomenon m 
impressive verse : — 

35 
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* Had the fierce ashea M some fiery peak 
Been hurled so hfeh they ranged round the world. 

For day by day through many a blood red eve 
The wrathful sunset glared ’ 

Under Item 1 of Chapta* EX we have given a brief ex 
planation of the rainbow It is one of the most beautiful and 
familiar optical phenomena relating to sunlight For the 
production of a rainbow three conditions have to be ful 
filled first, ram must be falling near the observer in the 
direction opposite to the sun , secondly, the sun should not 
be hidden by clouds, and thirdly, it should not be too high 
m the heavens The centre of the rainbow arch lies on the 
prolongation of a straight line drawn from the sun to the 
observer’s eye The bow attains the greatest length when 
the sun is at the horizon, for it will then appear as a 
huge semicircular arch opposite to the sun if a shower is 
falling in that direction If the sun is far above the horizon, 
the bow will be seen as an arc smaller than a semicircum 
ference. The brilliance and colouring of a rainbow are 
governed to a large extent by the size of the drops in the 
ram It has been calculated that, m order to produce a 
bow displaying the whole range of spectrum colours, the 
raindrops must be more than l/25th of an inch m diameter 
When they are smaller, the outer edge of the bow is colour 
ed orange, for then the red end of the spectrum disappears 
When perfect, the rainbow presents the appearance of two 
concentric arches, the inner principal one being call^i the 
primary and the outer, generally a fainter one, the second 
dary bow. Each of the bows is formed of the colours of 
the solar spectrum, but the colours are arranged m the re 
versed order, the red forming the extenor nng of the pri 
maty bow and the interior of the secondary The secondary 
bow IS caused by the sun’s rays entering the under part of 
the raindrops Sometimes are seen lying close inside the 
violet of the pnmary bow or outside that of the secondary 
what are called supernumerary or spurious bows These are 
of a pinkish colour and are formed by the scattering or 
diffraction of light by tiny drops of rain On such occa 
sions the regitii of the ^ outside the principal bow isper 
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ceptibly brighter than the region within the arch. The sky 
outside the secondary bo^is somewhat brighter than in the 
region between the primary and’ secondary bows. 

Sunlight is also responsible for the artificial rainbow 
produced by the spray from a geyser, a cascade or a 
garden fountain. Still another kind of bow caused by 
the sun is the fog-bow, wliich is seen under favourable 
conditions when the sun shines from behind an observer on 
to a fog-bank. Owing to the droplets in a fog being ex- 
ceedingly small, very little colour is noticeable in a fog-bow, 
all that is discernible being a bluish tinge on the inner edge 
and a reddish tinge on the outer edge. It is frequently seen 
from the top of a hill, and the observer may notice his own 
shadow on the fog-bank with a halo of coloured rings 
around the head. The phenomenon is known as the 
Brocken Spectre. 

The light emitted by the sun, says Jeans, is of 3-23 
octillion candle-power ! It radiates its light and heat in 
profusion in all directions, the earth intercepting but an 
infinitesimal fraction, less than one 2-billionths, of this radia- 
tion. In fact, according to the 5th Revision of the Meteo- 
rological Tables of the Smithsonian Institution of Washing- 
ton, at the surface of the earth the noon-day sun on a clear 
day has an intensity of only 9,600 ‘ foot-candles a foot- 
candle denoting the illumination received from a standard 
candle placed a foot away. Starlight amounts to only 
l/8000th of a foot-candle, and the sun is 120 million times 
brighter than all the stars in the sky on a fine night. By 
way of a comparative estimate of the brightness of the sun 
and of the full moon. Baker says that something like 
465,000 full moons at average distance would be required to 
produce a brilliancy equal to the sun’s. He adds that in 
the visible half of the celestial dome, there is room for only 
a fifth of this number. Visible sunlight carries about 19 
per cent of the energy from the sun. The ultra-violet rays 
contain only 1 per cent and the infra-red about 80 per cent 
of its radiant energy. * 
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The sun is an enormous power plant It is estimated 
that the amount of heat geneiftited by it every second 
has a mechanical equivalent of 20 trillion horse-power ! 

Though a relatively small fraction of the solar radiation 
reaches our globe, even this portion of the total varies, 
and as a result we experience summer or winter with its 
roasting heat or biting cold. Under the influenceof this radi- 
ation thewater on the earth evaporates, and clouds, fogs and 
rain are formed. It instils energy into the earth's atmosphere 
and produces winds— the gentle aephyrs of spring as wdl 
as whirlwinds, hurricanes and other winds of destructive 
power. The coal, oil and gas so widely used over the 
world owe their origin to solar energy. The gracious 
beams of the sun enable the vegetable cell to function like 
a chemical laboratory, and plants to absorb water-vapour 
from the atmosphere and decompose the poisonous car- 
bonic acid gas of the air into its elements, carbon and 
oxygen. The carbon is taken up by the plants as food, 
while the oxygen goes to sustain animal life. The sun’s 
rays are thus essential for the sustenance of both vege- 
table and animal life on the earth. It is the sun's radiation, 
again, that clothes the leaves of plants in green and yellow 
and robes the flowers in their gorgeous hues. All vegeta- 
tion has the property of absorbing the sun’s rays falling 
on it and extracting from them one or more of the colours 
of which sunlight is composed. For the bounty of Nature, 
for the radiant smiles and manifold charms with which 
she greets us in many parts of the world, we are indebted 
primarily, of the myriads of bodies that tenant the vast 
ocean of space, to our peerless luminary. 

‘ Like a God thoa art, and on thy way 
Of glory sheddest, with benignant ray, 

Beauty and life and joyance from above.' 

The gravitational pull of the sun on bodies at its sur- 
face is as great as 27-6 times the attractive force of the 
earth on objects at Us surface. A freely falling body on 
the earth drops for the first second 16 feet, while on the 
sun it would fhll 441 feet for the first second. A man 



THE SUN 


277 


weighing 125 lbs. on the earth would weigh on the sun over 
a ton and a half in a spitng-balance ! By its powerful gra- 
vitational force the sun keeps the planets and other 
members of the solar system in their respective orbits 
‘as with a chain indissoluble bound’, making them revolve 
round it. But for this supreme control, the system would 
immediately disintegrate and its members would dash out 
into space in straight courses. The sun is .thus the ruler 
of the whole system. 

The average density of the sun is about one-fourth of 
that of the earth, as its material is relatively lighter. It 
thus amounts to about one and a half times that of a globe 
of water of equal size. But the mass of the sun is immensely 
greater than the earth’s. It is measured by the force of 
the sun’s gravitational attraction on a planet. The distance 
of a planet from the sun being known as well as the speed 
of its orbital motion, the astronomer has been able to cal- 
culate the distance which the planet is attracted towards 
the sun in one second. He has in this way found out how 
many times the sun should be heavier than the planet to be 
able to exert this amount of gravitational pull. The mass 
of the sun has thus been ascertained to be 331,950 
times that of the earth. At the end of Chapter I we have 
given two results arrived at as the earth’s weight, the 
difference between them being comparatively small. On 
the basis of the higher of these values we find that the 
weight of our luminary works out to 6-593 sextillion 
tons X 331,950 - 2,188,547,000,000,000,000,000,000,000 or in 
round figures 2 octillion tons ! This result is easily verified. 
The sun’s volume is 340 quadrillion cubic miles and density 
about i of that of the earth. We know the earth’s volume 
to be 260 billion c. miles and weight 6-593 sextillion tons. 
Now if a sphere with a volume of 260 billion c. miles and a 
density of 1 weighs 6-593 sextillion tons, a sphere whose 
volume is 340 quadrillion c. miles and density i, will weigh 

Q4 y 

6-593 X lO-^x ix^g^^^-j^=slightIyIessthan2octilhontons. 
The nominal difference is due to our having taken only the 



278 


WONDERFUL UHIVERSE 


approximate values for 'the sun’s diameter and density. 
The sun is over 750 times as heavy ds all the other members 
of the solar system put together—the planets and their 
satellites, the asteroids or minor planets, and the comets. 

The pressure at the surface of the Photosphere is only 
1/lOOOth of an atmosphere, whereas the pressure at the sun’s 
centre is terrific and is estimated at 36 billion atmospheres, 
which works out to slightly over 236 million tons to the 
square inch or more than 10,500 times the pressure at the 
centre of the earth I 

So profusely is the sun pouring out its energy into space 
that it is estimated as losing mass at the staggering rate of 
4,200,000 tons a second. This loss works out to nearly 363 
billion tons a day orover 132 trillion tons a yearl It is esti- 
mated further that the sun has been radiating away its 
mass for about billion years, a value which represents 
its present age. But even if it is destroying its atoms at 
this enormous rate from day to day and from year to year, 
its present stock of atoms, considering the stupendous 
weight of our luminary, is large enough to last more than 
16 trillion years from to-day I 



CHAPTER Xm 

The Dreams of Rocket Science 

/ 

0 Nature ! all-sufficient! over all ! 

Enrich me with the knowledge of thy works ; 

Snatch me to Heaven ; thy rolling wonders there. 

World beyond world, in infinite extent. 

Profusely scattered o’er the blue immense. 

Show me. — Tlwmson 

Great experiments are being carried out, especially in 
Germany, France, Russia and America, to develop rocket 
aeroplanes, both unmanned and man-carrying, capable of 
reaching and flying far out in the upper atmosphere. 

Professor Hermann Oberth, the German scientist, sug- 
gests the use of two rockets, one containing alcohol and the 
other hydrogen. In the view of some scientists the hydro- 
gen can be used to regenerate the alcohol after the latter 
has been used up to propel the rocket ’plane, but German 
experimenters generally use liquid oxygen and liquid 
hydrogen, which are brought together through separate 
pipes and ignited. A liquid fuel developed by Dr. Paul 
Heylandt, a German expert on liquid gases, which may or 
may not be this oxygen-cwm-hydrogen, has been hailed as 
a revolutionary contribution to rocket science. 

Professor R. H. Goddard of Clark University, U.S.A., 
who has been experimenting on rockets since 1909, is deve- 
loping a ‘Stratosphere Rocket’ which will carry aloft auto- 
matic instruments for obtaining weather data from the 
upper air. He has besides patented a man-carrying rocket- 
turbine aeroplane. It is a machine which combines the 
principles of both the rocket and the turbine. In leaving 
the earth the rocket blast of the ’plane is directed through 
the heat-resisting metal blades of two turbine wheels, the 
revolutions whereof drive a pair of air-procftllers and supply 
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the machine with the necessary motive power in its flight 
through the denser layer of the esirth's atmosphere. But 
on reaching the thin upper air, the pilot operates a device 
whereby the turbine blades are swung out of the path of 
the exhaust gases of the rocket, and the propellers discon- 
nected. Owing to the much lower air pressure in this 
rarefied region, the craft is thenceforward propelled by the 
‘ kick-back ' of the rocket explosion. The fuel to be used is 
a mixture of gasolene and liquid oxygen. 

Scientists are confident that rocket craft will fly at very 
high altitudes and at enormous speeds. 

The world’s rocket enthusiasts are not going to stop 
with the attainment of their immediate goal, the construc- 
tion of a man-carrying Stratosphere Rocket equipped with 
scientific instruments. Their aspirations soar infinitely 
higher. They have already started Societies for the pro- 
motion of research in the new field of ‘astronautics'. 
Prominent among these organizations are the German 
Society for Interplanetary Navigation, Socidtd d'Astronau- 
tique de France and the American Interplanetary Society. 
Anlnternational League of Interplanetary Rocket Inventors 
and Scientists has been formed and an International Bureau 
established for furthering rocket research and carrying out 
experiments for the more rapid development of the * Inter- 
planetary Rocket The Bureau has its head-quarters at 
Berlin, as Germany is the only country in the world which 
maintains a ' Rocket Aerodrome a flying field for rockets. 
It is situated at Reinickendorf, just outside Berlin. 

Dr. Lyon, the American expert who has established the 
world’s altitude record for sounding rockets ( vide Chapter 
VI, Items), is said to be on the eve of perfecting at 
Vienna an explosive powerful enough to blow up a town 
with a single bomb and about twice as powerful as TNT 
(trinitrotoluene), the most violent explosive employed in 
the Great War. This new substence is known as T. 4, its 
full name being Trimethylentrinitramine, and though 
known to science for many years, it has never been used as 
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an explosive owing to its being non-fusible unlike TNT. 
German and Italian scientists have failed in their experi- 
ments to make it fusible, but Lyon claims to have suc- 
ceeded in doing so, and by combining it with other explo- 
sives, obtained a speed of exhaust that will enable a rocket 
to travel at a velocity of 2 miles a second, a speed 
considerably higher than that attained by any means 
hitherto. Rockets built on present principles consume so 
large an amount of explosive in their journeys into the 
air that they come back to earth after going up a few 
miles. By using an explosive that will last longer 
and enable the rocket to continually propel itself by 
the driving power of its own exhaust, Lyon expects to 
be able to ‘ cut the bands of gravitation and atmosphere 
that bind us to the earth.' His rocket for space flight will 
be constructed on much the same principle as his larger 
sounding rocket which came to grief in 1931, v/ith the 
addition of steel fins attached to the lower section, which 
with the gyroscope will keep the rocket steady during the 
first stage of the flight. When the fins drop off with the 
consumption of the lower section, the gyroscope will steer 
the rocket during the rest of its long voyage, and with the 
falling off of each section in its turn, the velocity of the 
rocket will automatically increase. ‘ The wet blanket of 
the atmosphere’, adds Lyon, ‘ retards speed in the same 
way as the sea retards a liner; doubling the speed of a 
rocket merely quadruples air resistance. There is, how- 
ever, the consolation that gravity decreases in regular 
stages as the distance from the earth increases. For in- 
stance, a rocket that weighs a ton on earth will weigh 
only a quarter of a ton when 4,000 miles up, and only the 
twenty-fifth of a ton at 20,000 miles above sea level.’ 

In an interesting article in the Illusirated Weekly of India 
of 15th November 1931, Lady Drummond-Hay gives an 
account of her visit to the German Rocket Aerodrome 
where she interviewed Professor Rudolf Nebel, the famous 
rocket expert, under whose direction its activities are car- 
ried on. He unfolded to her his romantic pltftis for the deve- 
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lopraent of rocket transport. He has in view first the 
construction of a rocket that shoot ' mail from Berlin 
to New York in 25 minutes \ Next will follow a powerful 
rocket in which he himself will fly to Australia in half an 
hour ! The first passenger rocket will be about 75 feet long 
and will have comfortable accommodation for passengers. 
It is expected to weigh by itself one ton, but will carry 29 
tons of rockets and fuel. Developing half a million horse- 
power, it will fly 7 miles a second in a curvilinear course 
and reach a maximum height of 153 miles ! Tapping a small 
1,360 horse-power rocket, the scientist remarked that from 
such a little thing would grow the great rocket to Australia 
and later the Rocket to the Moon 1 

Nobel feels confident that in less than fifteen years he 
will have popularized the rocket for carrying mail between 
Continents and brought passenger-transport by it vdthin 
the bounds of practicability. The shooting of mail will be 
the first stage which, in his opinion, presents even to-day 
no insoluble problems, the question being only one of time 
and money. ‘ Interplanetary communication ', he adds, ‘ is 
another matter. We must have intermediate landing places 
and re-fuelling stations for the machines route. Fantas- 
tic and visionary as it may sound now— though I don’t see 
why anything should be " visionary” in this scientific age— 
we are planning to establish "Meteor Islands” in the 
Stratosphere, equipped with electric power, radio broad- 
casters, and huge tanks containing fuel and provisions. 
When the first rocket leaves the earth, it can without dif- 
ficulty find the "Meteor Island ” whose movement will be 
absolutely constant and therefore can be calculated. Also 
the radio signals will guide us. An object hurled into the 
^'tratospnere at a speed oib m’fies a second wiTi, alter rea- 
ching an altitude of 60 miles or more, stay there and never 
come back. Its speed remains constant, and as far as 
gravity is concern^, the law of Kepler has already esta- 
blished that owing to the curved surface of the earth and 
its rotation, such an object cannot come down. Scientists 
call them " Meftor Islands”. 
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These ‘ islands * will correspond<to what are ports of call 
and transhipment statioiTs for steamers and railways on the 
earth. Nebel’s plans include the establishment of a number 
of such ‘ stations ’ in space which will be the termini of the 
Earth Rockets, and here the rocket passengers will ‘change 
cars’ for celestial destinations ! The Earth Rocket on re- 
fuelling will return to its terrestrial aerodrome. The power 
that propels the Planetary Rocket upward will act as a 
brake to check the speed of the Earth Rocket when it comes 
down within the radius of gravity. In this connection a 
writer in another journal points out that, if a craft which 
has left the earth’s atmosphere comes down after 12 hours, 
it will probably land on the side of the earth opposite to 
that from which it rose. The Earth Rocket will probably 
therefore have to so time its return journey that it can be 
back at its Drome, punctual to the split second, at the end 
of 23 hrs. 56 m. 4-091 secs., the period of a sidereal day, that 
is, the time which the earth takes to make one complete 
rotation on its axis ! In anticipation of the practicability of 
the ‘ Stratosphere Rocket ’, air-proof suits equipped with 
oxygen suppliers for the rocket passengers have already 
been designed. 

These ‘Meteor Islands’, proceeds Nebel, can be used for 
a variety of purposes. They can be fitted v/ith astronomi- 
cal instruments. Huge natrium (sodium) mirrors, fixed at 
particular angles, can reflect the sun’s rays and illuminate 
the night hemisphere of the earth ! The whole earth can 
thus be provided with perpetual sunshine with a series of 
these min'ors. 

By far the greatest rocket expert of the day is probably 
Oberth. He is a mathematician-physicist-astronomer of a 
high order. He has worked out a scheme for a ‘Solar 
Space Mirror ’ down to the last detail. As soon as rocket 
flight to a few hundred miles up becomes a reality, he hopes 
his space mirror will begin to take shape. Conceive an 
enormous mirror, 60 to 120 miles across, in operation, float- 
ing in space by itself 400 to 700 miles up and revolving 
round the earth by its own niomentum and under the ip- 
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fluence of the earth's attraction * The Oberth Mirror, which 
will thus be a new satellite of our'globe, will complete one 
revolution round it in about 2 hrs 45 m at the height mdi 
Gated, writes Mr Hugo Gemsback m Everyday Sacijcc <g. 
Mechanics of December 1931 This mirror by reflecting 
sunlight on the earth can concentrate a vast amount of 
radiant energy— heat and light — upon any selected area on 
the earth’s surface It can be used to melt the polar ice 
Extensive areas buried under glaciers m Greenland can be 
reclaimed and turned into fertile land Harbours m the 
Frigid Zone can be kept free of ice all the year round For 
war purposes, if utter annihilation be the aim, the mirror 
could burn the largest of cities to cinders But if defeat 
without destruction is sought to be inflicted on the enemy, 
it could hurl a gigantic moving wall of fire on land on sea 
or m the sky, across the paths of armies, naval squadrons 
and aircraft and force them all back and back ^ It can make 
short work too, if it wants, of the world s munition works 
and depSts We can easily see that if war should break 
out in that hazy future between the country owning these 
mirrors and Italy or India, that country need only direct 
Its terrible weapons against the Alps or the Himalayas and 
melt their snows and ice ’ 

It is neither possible necessary nor desirable to build on 
earth a mirror of this colossal size The space rocket 
laden with materials will first be shot out into the Outer 
Atmosphere or beyond, where it will at once become a 
satellite of the earth like the moon ’ Workmen in ‘ space 
suits ’ and supplied with oxygen will start the construction 
of the mirror after arrival m free space. The mirror will 
consist of movable facets, for otherwise it would be only a 
flat or plane mirror If made up of movable facets, it can 
be used both as a plane mirror to reflect sunlight over 
extensive areas of the earth at night, and as a curved 
mirror by the facets being adjusted along the lines of a 
parabola to form a parabolic reflector which, at will, can 
concentrate the sunlight on glaciers and marine ice forma 
tipns or be useH for war purposes 
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The material to be used for the mirror will he sodium 
as in the Nebel Mirror, «for this metal besides being not 
very expensive possesses high lustre and is a perfect 
reflector of light. On the earth it has to be kept under 
oil or petroleum as in the case of potassium, since it 
easily oxidizes when exposed to the air. In free space 
where air is wrtually non-existent no such chemical 
change is possible. The sodium facets will be made in 
space by means of a small rolling mill attached to the 
outside of the space rocket. On the completion of the 
facets, which will be thin sheets no thinner than paper, 
they will be taken by the workers to the frame of the 
mirror. One man can carry thousands of them at a time, 
for objects have no weight there I By means of a 'rocket 
pistol’ he catapults himself into the desired position and 
sets the sheets in their individual wire frames attached to 
the main net of the mirror. Millions of facets will be 
required for a mirror of this titanic size, and its construc- 
tion will consequently take a number of years, 10 to 15 in 
Obarth’s estimate. The whole cost is expected to amount 
to something like three-quarters of a billion dollars ! 

The question whether the sun’s burning heat would 
melt the mirror, especially as the facets are very thin, 
would not arise. Most of the radiant heat would be re- 
flected from the surfaces of these facets as the backs are 
coloured pitch-black, and as they are constantly exposed 
to the cold of space, any heat received by them woidd be 
radiated away as rapidly as it is absorbed, so that the 
mirror would remain unharmed. 

When the mirror is completed, the crew operating it 
can be housed in a rocket ship hangared at the centre of 
the mirror at a place kept free for the purpose. Fresh crew 
from the earth would every week or two relieve the space 
crew. There will be regular communication with the 
earth, it is stated, by short-wave telephone*, as exceedingly 

* But the possibility of such communication if the mirror is at a 
height of anything like 400 miles above the earth has yjf to be proved. See 
Chapter K, Item 4. 
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short waves are able to pierce the * Radio Roof/ the top 
boundary of the Heaviside Layer. e>Telescopes will be used 
for observation, and by means of the short-wave telephone 
timely warning of icebergs ahead can be issued to approa- 
ching steamers. The plight of aviators and polar ex- 
peditions in distress can be detected and reported to the 
nearest ground authorities and help secured in time. 

The piloting crew of the mirror could change its orbit 
at will by using rocket-propulsion. While racing over the 
northern hemisphere, if it is at any time required over the 
southern hemisphere, the mirror can be propelled towards 
that part of the earth and reach its destination in a short 
time probably counted only in minutes. 

As the mirror keeps moving at an immense speed, it 
cannot concentrate its light or heat on any particular area 
for more than a few minutes at a time. But with a series 
of mirrors it would be possible to illuminate vast areas at 
night when desired or to provide sufficient heat in the polar 
regions to keep selected areas free of ice. 

To revert to Nebel's ‘Meteor Islands’. For voyages to 
the different worlds there will be different transhipment 
stations in space. These stations will no doubt display in 
prominent places huge boards reading Change here for ihe 
Moon, Change here for Venus and so on. A tourist bound 
for the farthest world in the solar system will thus find a 
board Change here for FVk/o— we mean, of course, neither 
the lord of the nether regions nor his dreaded empire, but 
the trans-Neptunian planet ! Should the fondest dreams of 
the rocket scientist be fulfilled in course of time, ‘astronau- 
tics’ will have been established by then as an applied 
science, but even then it is highly doubtful whether the 
traveller to Venus or to that other remote world will 
find at the aerodrome there any indicators Change here 
for the Sun or Change here for the Pole Star, though solar 
and stellar navigation should logically be the next stage 
in the rocket scientist's programme, once the jnoou and 
the planets are Conquered, 
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Dr. Johannes Winkler, another German expert, recently 
constructed a rocket 6 feet high and 18 inches in diameter, 
which he hoped would be a forerunner to developments 
enabling man to reach the Moon in three or four days. 
Unfortunately its first test, carried out early in October 
1932, proved a failure. Winkler had expected it to attain a 
height of 86 miles in 100 seconds, but it exploded with a 
deafening noise after reaching only 50 feet, when fired off 
from the sand-dunes near Pillau in East Prussia. The lower 
part of the rocket containing the combustion chamber 
burst into splinters. No one was hurt, but the surrounding 
country was enveloped in a dense cloud of smoke. The 
rocket carried a parachute device designed to open at its 
highest point of reach in the Outer Atmosphere ’ and 
bring it back safely tO the earth, along with the automatic 
instruments sent in it. It was propelled by a mixture of 
methyl and liquid oxygen and cost about £ 750 to build. 
One of the greatest problems to be solved in the con- 
struction of the space rocket is, as has been seen, that 
relating to initial velocity, for the craft has to overcome 
the resistance of the earth’s atmosphere and break away 
from gravity. This velocity has to be immensely higher 
than that of a rifle bullet or that ever attained by a cannon 
shell. The highest initial velocity attained by a cannon 
shell is 4,593 ft. a second ( vide Chapter VIII, Item 6), 
which is a little over four times the speed of sound in air 
at ordinary temperatures. But the highest muzzle velo- 
city of cannon shell to-day is of the order of only 2,000 ft. 
a second, while the initial velocity of a small bore military 
rifle bullet is 2,250 to 2,700 ft. and of a sporting rifle bullet 
2,300 to 3,500 ft. a second. Lyon remarks that the most 
favourable combination of oxygen and hydrogen is unable 
to give a velocity of more than 3 miles a second, while 
according to the calculations of Winkler, the minimum 
speed needed to overcome the earth’s gravitation as a 
prelude to space flight is 11,750 metres ( nearly 7-35 miles ) 
a second, i.e., 26,437 miles an hour ! This is a velocity 
which, it may be ointed out, is very neaily 12 times the 
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average speed of the moon in its revolution round the 
earth, or 1 3 times that of Saturn fn its revolution round 
the sun ’ In other words, the space rocket should com 
mand a planetary velocity Next comes the problem of 
catapulting the ‘ Meteor Island ' into free space This 
ob 3 ect will be a colossal affair, for it has hold a Rocket 
Drome, refuelling and broadcasting stations, waiting 
rooms and restaurants for the lunar and planetary passen 
gers, and cabins for a staff of scientists and for the crew 
What force or power could be requisitioned to shoot such 
a leviathan out into space scores of miles above the earth’ 
Some physicists say that the atomic energy locked up 
m one spoonful of water is powerful enough to drive a liner 
acrobs the ocean and that, if they can harness this energy, 
all existing methods of dnving machinery will go by the 
board and an industrial millennium be brought about A 
few words may be said herewith regard to the use of the 
term ekcincal energy as applied to atomic phenomena 
That exceedingly vast forces reside m the interior of an 
atom has been demonstrated by various experiments, for 
instance, the scattering of Alpha rays, excitation of X rays 
and emission of fast moving particles It has therefore 
been found necessary to express these powerful forces m 
suitable values, and the only appropriate values to express 
them m could be those used in connection with electrical 
energy as we ordinarily know it The term volt as 
applied to intra atomic energy must therefore be under 
stood m a special maimer, the correct term employed being 
electron volt When a statement is made that a particle 
of so many million volts has been ejected from an atom 
it really means that a difference of potential of so many 
volts IS required to give that particle ite observed velocity. 
In the experiments earned out recently by Dr J D Cockroft 
and Dr E T S Walton at the Cavendish Laboratory at 
Cambndge, particles were ejected with energies corres 
ponding to 8 million electron volts, but it does not follow 
that at the present stage of the world s knowledge this high 
electron-voltagS can be converted into or employed to 
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obtain current of similar ordinary voltage. Besides; the 
experiments on splitting the atom, so far carried out in 
England, Germany and elsewhere, show, in the words of 
Lord Rutherford, the famous Director of the Cavendish 
Laboratory and one of the world’s greatest authorities on 
the subject, that a disintegrating atom may often prove a 
sink rather than a source of energy. For, whether the 
internal energy of the atom is released or external energy 
absorbed during the process of disintegration depends very 
largely upon the conditions under which the experiments are 
carried out as well as upon the manner in which the collision 
resulting in disintegration takes place. It has been found, by 
using electric current of 600,000 volts, that on the average 
only one out of a hundred million particles was split by the 
bombardment to which they were subjected. The general 
opinion, therefore, among physicists who are occupied 
with atom-splitting experiments to-day is that physics is 
still a long way off being able to harness the energy relea- 
sed by the process of atomic disintegration to such an 
extent as to talk of bringing about an industrial millen- 
nium with its help. The statement of some writers that 
physics dreams of harnessing the internal energy of the 
atom for industrial purposes in the near future must, under 
these circumstances, be regarded as unduly optimistic. 

In the article in the Hhtstrated Weekly of India referred 
to previously, the writer suggests free atomic energy as 
one of the possible forces which may be employed to hurl 
the ‘Meteor Island’ out into space. If rocket science is 
relying upon this energy for the realization of one part of 
its dream, it has to await the time when the alleged dream 
of physics itself is fulfilled ! Many of the other problems to 
be solved are self-evident. Meanwhile one can well ima- 
gine the super-enthusiast among rocket experts, faced 
with the no less formidable problem of finding the money 
for his costly experimental work, sighing:— ‘0 for evidence 
that there is plenty of oil lying untapped in those distant 
worlds!’ * 

37 
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Assuming that all these projjlems are solved in the 
fulness of time and the space rocket becomes an accom- 
plished fact, let us see what sortof hospitality Dame Nature 
may have in store for the earthly pilgrim to her celestial 
dominions. 



CHAPTER XIV 

Physical Conditions in other Worlds 

Supposing, as we have said in the last chapter, that a 
man-carrying rocket 'space ship’ has been built which 
commands an initial velocity high enough to carry it to 
any of the other planets or to the moon, and granting that 
it will, in the course of its voyage, escape disaster through 
collision with meteors that daily hurtle across space in 
millions, the question still arises whether the fundamental- 
ly essential conditions of life as we know them are present 
in any of these worlds. 

Let us first take Mercury. It was announced by the 
famous Italian astronomer, Schiaparelli, in 1889 that this 
planet rotates on its axis in the same period as it takes to 
complete one revolution round the sun, i.e., 88 days, the 
value of the Mercurial year. This rotation-period was con- 
firmed seven years later by Lowell. Baker states that its 
period of rotation is still uncertain. If Schiaparelli is 
correct, the planet would always turn the same face to the 
sun, so that perpetual day would reign on the illuminated 
hemisphere and eternal night on the unlit side. Being of 
all planets nearest to the sun. Mercury receives the great- 
est amount of heat and light. Its mean distance from the 
sun is 36 million miles, while that of the earth is 93 million, 
so that Mercury is 2-6 times nearer. As the intensity of 
radiant energy varies as the square of the distance from 
the source. Mercury should be receiving 6| times the solar 
heat received by our own planet. It is not to be wondered 
at, therefore, that radiometric observations show the tempe- 
rature of the sunlit side of Mercury to be 340° C. (644° F.), 
a temperature higher than the melting points of tin and 
lead. The temperature will of course vary with the dis- 
tance of the planet frorn the sun iq the cousse of its revolu- 
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tion. But all the same, if human beings could migrate 
there, the planet’s orbital motion fe-om aphelial to penhelial 
position and vice versa would mean to them a jump ‘out of 
the frying-pan into the fire’ and back again out of the fire 
into the frying pan ' Owing to the low light-reflecting power 
of the planet, the view is generally accepted that Mercury 
has little or no atmosphere, and consequently neither water 
nor life, so that it must be an arid and barren rock. It is 
fittingly described by Lowell as ‘ the bleached bones of a 
world’ ! As no radiation from the bright side of the planet 
has been detected in its other hemisphere, this side of it 
must be intensely cold. 

In an article in Everyday Science & Mechanics of March 
1932, Dr. Donald H. Menzel of Lick Observatory, Mt. 
Hamilton, California, says about this planet 

‘ Science is able to reconstract, at least in part, conditions 
existing upon the planet. Its surface is composed largely of 
solid rock. Under the merciless glare of the sun, whose bnlli* 
ance is tempered by neither clouds nor oceans, the surface gets 
aboutas hot astKetQpofakitcheastoveunder’theaction ofa roar* 
mg fire. Water m the liquid state could not exist 5 if an ocean 
could suddenly be transported there, it would boil away with 
almost explosive violence Ice would be as much a cunosity 
on Mercury as liquid air is to us The depressions upon the 
planet would probably contain, instead of water, droplets of 
melted sulphur, bismuth or lead. These conclusions refer, of 
course, to the sunlit side of Mercury, As to conditions upon 
the other half, we can only venture a guess. Conduction of 
heat through the roclcs would be n^ligible, and we may reason- 
ably expect that the dark hemisphere of Mercury, perpetually 
exposed to the cold of outer space, would be extremely frigid. 
There is some possibility that both the water and air, instead 
of having escaped into space, may have been boiled away from 
the hot hemisphere and condensed upon the cold face of the 
planet. 

* Mercury is thus a world of mrtremes, ranging from a tempe- 
rature little slfort of red hot, to a temperature not far above 
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absolute zero, where the ordinary gases of the atmosphere would 

be liquid, or perhaps even solid. ’ 

In respect of density, mass and size, Venus is more 
nearly like the earth than any other planet, but its rotation- 
period still remains to be definitely ascertained. As twi- 
light phenomena have been discovered on it, it follows 
that Venus has an atmosphere. From the high albedo or 
light-reflecting power of the surface of this planet, it is 
inferred that clouds are present in its atmosphere. Radio- 
metric measurements reveal a uniform temperature of 
-23® C. (-94® F. ) at the levels of observation, i. e., the sur- 
face of an upper layer of cloud, on both the day and night 
hemispheres. Its approximation to our globe in size and 
mass, combined with the presence of an atmosphere on it, 
suggests the likelihood of some form of life existing on the 
planet. Such a possibility has been opened up further by 
the discovery made by tv/o astronomers of the Carnegie Ins- 
titution at Mt. Wilson Observatory, California, Dr. W. S. 
Adams and Dr. T. Dunham, that carbonic acid gas, one of 
the essentials of vegetable life and therefore of animal life 
on the earth, is present in the atmosphere of Venus. Sun- 
light reflected from the planet was focussed through the 
giant 100-inch telescope of the observatory on to a slit in 
the spectroscope. The light, as it passed through the 
planet’s atmosphere, was partly absorbed, as was shown 
by a dark band in the spectrum. The position of the band 
indicated that the gas which absorbed the light was carbon 
dioxide. 

Mars, too, possesses an atmosphere, but in a rarefied 
state. Baker says that spectroscopic analysis shows its 
percentage of oxygen content to be less than that at the 
level of Mt. Everest. The discovery that for equal areas 
the Martian atmosphere contains not more than 5 per cent 
of the water-vapour present in the . earth’s atmosphere, 
shows that water may exist on the planet only in infinitesi- 
mal quantities. Seasonal changes occur on Mars as on the 
earth, but each season there is twice as lon^ as ours. The 
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average temperature at noon in the tropical regions of the 
planet ranges between 7®C andl8®C (45®F andGS^F ),that 
IS not much lower than that on our globe. But in spite of 
the existence of oxygen and water vapour, though m 
small quantities, m the planet’s atmosphere and of 
cool weather in the tropics, the more eminent astrono- 
mers say that there is no conclusive evidence that animal 
life IS present on its surface 

Jupiter also has an atmosphere, and clouds have been 
detected m it, but according to Jeans, no rain or water 
vapour can be present m the atmospheres of the major 
planets Owing to its low density and great mass, Jupiter 
was formerly considered to be gaseous throughout, still too 
hot to solidify, and hot by itself m view of its great dis 
tance from the sun But radiometric observations give no 
indication of internal heat Investigations by the astrono 
mer Coblentz extending over ten\ears have shown that 
the temperature of the radiating layer in the Jovian atmos 
phere is- 140^ C (-220^? ) and that this temperature is 
wholly due to sunshine ‘It has been suggested’, says 
Jeans, ‘ that the clouds which obscure our view of Jupiter s 
surface may be condensed particles of carbon dioxide or 
some other gas which boils at a temperature far below 
freezing point ’ 

The materials of Saturn are the least dense among all the 
planets Its specific gravity is so low that it would float 
on water, bobbing up and down like a tennis ball, if it fell 
into an ocean large enough to hold it * It resembles Jupiter 
in many respects m itsphysical constitution and is similarly 
surrounded by a cloudy atmosphere Saturn was long 
considered to be, ti’se Jupiter, very hot, but radioitielTiE 
measurements made by Coblentz show a temperature of 
-150^ C (-23S® F ) on the visible levels There is some diffe 
rence of opinion as to whether this temperature is entirely 
the effect of sunshine or m some part due to internal heat 
The general view about the observed surface of the planet 
IS that it IS gas^us, 
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• Owing to their gre^ distances Uranus receives only 
about l/400th, and Neptune l/900th of the heat and light 
which the earth receives from the sun. Menzel calculates a 
surface temperature for Uranus lower than -170® C. (-274°F.) . 
In view of their low densities, both the planets must be 
largely gaseous like Jupiter and Saturn. The physical 
conditions must also be more or less similar. 

The diameter of Pluto is not yet definitely known. 
Preliminary computations made by the Lowell Observatory 
indicate the Plutonic year to be probably about 260 earth- 
years. From later observations it is considered probable 
that the planet is more solid than gaseous or liquid. The 
sun is at so great a distance that its light must take 4 hours 
to reach the planet at perihelion and 7 hours at aphelion. 
When nearest to the sun, it would receive l/900th, and when 
farthest from it, only l/2500th of the heat and light which 
we on earth receive from the sun. The sun’s disc would 
be hardly more than a pin-point of light there, yet the 
sunlight to an observer on the planet at aphelion would be 
a little over 200 times brighter than full moonlight on the 
earth. The Plutonic day would be 'a sort of pearly dusk, 
midway between day and night.’ 

Life as known on the earth would be totally out of the 
question on this frigid planet so far removed from solar 
warmth. Its surface temperature, says Jeans, would proba- 
bly be in the neighbourhood of -230® C. (-382® F.). If the 
earth were transported there, not only would all its oceans, 
lakes and rivers freeze, but its air also would immediately 
solidify* and fall to the ground ! Only hydrogen, neon 


* Points of Liquefaction and Solidification of Air Gases ; 


Carbon dioxide 

Xenon 

Krypton 

Oxygen 

A^on 

Nitrogen 

Neon 

Hydrogen 

Helium 


Liquifies al 

- TS-SOC. (-109-3® F.) 
-109® C. (-164-2® F.) 
-146® C. (-230-8® F.) 
-183® C. (-297-4® F.) 
-.185-7® C. (- 302-26® F.) 

- 195-8® C. (- 320-44® F.) 
-•245-9® C. (- 410-62® F.) 

- 252-7® C. (- 422-86® F.) 

- 268-9® C. (- 452-02® F.) 


SoUdfies at 

-102® C. ( -151-6® F. ) 
-140® C. (-220® F. ) 
- 169® C. ( - 272-2® F. ) 

- 218-4° C. ( - 361-1® F. ) 
-189-2“ C. (-308-56® F. ) 

- 209-85® C. (-345-73® F.) 
-248-7“ C. (-415-66® F.) 
-259-1% C. (-434-38® F.) 

Vide Chapter XIX. 
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and helium would remain m their jjatural gaseous state and 
furnish, perhaps along with condensed o 2 one’^, an apology 
for an atmosphere * It is hardly necessary to ask how man 
would fare in such surroundings We know that liquid air 
IS so cold that, if the finger touches it, the liquid at once 
sucks the heat out of it and the skin is badly burned It is 
like touching a red hot poker, with this difference that the 
rush of heat there is the other way Liquid air boils when 
dropped on a cake of ice AtemperaturewhichcouldsoUdify 
air would naturally be still lower than that of liquid air 

Lastly, we come to our long neglected neighbour, the 
Moon It IS a cold, desolate globe of rock, waterless and 
barren, with no clouds, seas, nvers, lakes or vegetation. 
According to the Table of Densities in various parts of the 
Universe prepared by the Research Laboratory of the 
Eastman Kodak Company, the lunar 'atmosphere' is so 
rarefied that it contains less gas than the mostperfect vacuum 
obtainable m a laboratory If water at all exists on the 
moon, it will be m the form of snow or ice sunk very far 
down m the depths of its craters If there are any inhabi 
tants on the moon, they will find that no dust rises there 
no odours are perceived and almost everywhere reigns a 
sepulchral silence For all these reasons the moon is aptly 
described as a ‘Land of Death'. 

A day on the moon is as long as 354i hours, t e , about 
14i terrestrial days, and its night is of equal length Owing 
to the absence of a gaseous envelope in the shape of an at 
raosphere, there is no twilight there as toere is on 
earth, where this phenomenon is produced by th^ dispersion 
of sunlight by the gas molecules of the atmosphere On the 

* lo the case of ozone the botliog point or point of liquefaction i9 given 
as -112 3® C. (-170®F ) in the Chtmcal Encyclopaedia byC. T Kingzett, 
4th edition- Liquid ozone is higher unsafe lo handle ovfing to its Uabibty 
to spontaneous explosion We hare nowhere come across any report of 
ozone having been frozen The xnstabdity and dangerous properties it 
acquires when Lqueded probably render its sohdification difficult but the 
Chemical Eneiclopa{£a gives its rneltti^ point or point of solidification as 
-2514® C (-420 5® F ) 
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moon therefore night follows day, and day follows night 
as suddenly as an electfic light is extinguished or put on 
by the pressing of a switch-button ! Similarly, the heat of 
day is rapidly followed by the cold of night, and vice versa. 

On the earth the sun’s light is scattered in all directions 
by the gas molecules of the air, so that places not directly 
reached by the sunbeams are partially lit by the diffused 
light. But it is not so on the moon. There being no 
scattering of sunlight, the shadows there are sharp and 
intensely black, and the most profound darkness prevails 
where the sun’s rays do not penetrate. 

Another result of the absence of an atmosphere on the 
moon is that its surface is ceaselessly bombarded by mete- 
ors. They rain down upon it at the estimated average rate 
of over a million a day and at speeds 50 to 100 times faster 
than a rifle bullet. The earth is free from such a fusillade, 
for the vast majority of these deadly missiles are burnt up or 
reduced to impalpable powder in the upper air owing to 
friction with it in the course of their fall, long before they 
can reach the earth. 

According to the astronomers Pettit and Nicholson, the 
temperature of the lunar surface, that is, of the rocks on it, 
varies from 77“ C.'(171“ F.) at noon to -163“ C. (-261“ F.) on 
the unlit side. The earth has a warm blanket over it in the 
shape of an atmosphere, which retains and accumulates the 
heat received during the day, and so does not part with this 
heat quickly with nightfall. The conditions on the moon 
being totally different, it begins to give up its accumulated 
heat rapidly with sunset. The lowest temperature occurs 
when the surface has cooled off during the long night on 
the moon. With the hirst of day, the temperature rises 
quickly again. 

Dr. Baker gives a vivid picture of a part of the lunar 
landscape : — 

‘ The totally dissimilar landscape on the moon would impress 

the visitor from the earth. Absence of air arid the smaller value 

38 
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of gravity wouW produce many unfamiliar effects A black sky 
instead of a blue one 'would be^ filled with stars day and 
night alike The absence of any sound ivoald be noted, except 
sound transmitted by the rocks , . Tbe moon is the 

perfect desert , for steadiness, dearness and continuity of the 
View of the celestial bodies, it is the perfect site for an 
observatory ’ 

The corona of the sun, its crown of glory, can be obser 
ved from the earth only at a solar total eclipse At other 
times it cannot be seen owing to the scattering of sunlight 
by the gas molecules of the air This scattering of 
sunlight makes the sky just beyond the hrab of the sun 
thousands of times brighter than the corona But from the 
moon the corona will be visible throughout the day It 
forms a most sublime spectacle at sunrise m that world 

The earthly explorer of the moon will thus find a 
s(\peyb ' skyscape ’ as its one great redeeming feature, 
a most pleasant contrast to its forbidding physical fea 
tures, for the lunar surface will be, as Professor John Q 
Stewart of Princeton University describes it, ‘ a mineral 
jungle— steep spines of bright rock, level expanses of 
darker slag, tumbled masses of ore, ashes from ancient 
volcanoes and wrecks of meteorites ' Clad in the rocket 
saentist's space suit, breathing oxygen all the time, he 
could climb with ease to the crest of the highest lunar peak, 
for he would have to put forth only one sixth of the exer 
tion required for a sirmlar ascent on the earth As a pro 
tection from the incessant fusillade of meteors, he would 
probably also be wearing a massive steel helmet, since he 
would not mind sustaining a weight which is similarly 
reduced to one sixth * Let us imagine him arriving at 
the mountain top at sunrise As he scans from there 
the vast black finnament spangled with stars shining with 
extraordinary brilliancy, with the sun’s resplendent disc 
peeping from above the honzon, with the mellower pearly 
streamers of its corona flung far out into space, no wonder 
if his feeling a thousandfold deeper than that of the 
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poet as he surveyed the heavens at night from the Alpine 
heights of Chamonix 

' While on this lofty mountain. 

We seem to Hearen so near. 

We seem to hear the chorus 
Of every roSiag' sjiilrere; ’ 



CHAPTER XV 
Asteroids and Comets 

Asteroids, otherwise called Planetoids, are minor planets 
revolving in close orbits round the sun between the paths 
of Mars and Jupiter Their total number has been esti 
mated at over 100 000 The largest, Ceres, is 480 miles and 
the smallest less than 5 miles in diameter. The bnghtest 
IS Vesta, the only asteroid that can be seen with the naked 
eye under*favourable conditions It is 243 miles across 
For a long time it was believed that the body which comes 
nearest »to us among all the members of the planetary 
system is the asteroid Eros But very recent observations 
show that this unique positionbelongsto another planetoid 
which has been provisionally named 1932 HA or 
fntith Planet It approached the earth on 16th May 1932 to 
a distance of a little more than 6 million miles It is descn 
bed as a very small body, 2 to 3 miles across, which requires 
even when nearest a fairly powerful telescope to detect Its 
path lies partly within that of the earth and for a short 
distance inside that of Venus and as this orbit is tilted with 
respect to that of our planet, a collision with the earth is 
outside the bounds of possibility An article m Popular 
Science Monthly of'August 1932 gives some particulars re 
garding this new body supplied by Dr F L Whipple of the 
Harvard Observatory, Cambridge, Massachusetts who 
was the first astronomer to observe it m America It is a 
mass, ot tocV-, ta hft tban. SQhe 

ncal, and m view of its low light reflecting power, its sur 
face must be rough and covered with great masses of crags 
A human visitor would find it airless and would be exposed 
to violent extremes of temperature which would alternately 
scorch and freeze him At its closest approach to us when 
It IS less than 2l6minion miles away, an observer stationed 
upon It could obtain, with a pair of field glasses, agood view 
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of the earth and clearly see its continents. Whipple sounds 
another note of warning’to the imaginary visitor. Even if 
the other difficulties present on the planetoid could be over- 
come, he should move with the utmost caution, for its force 
of gravity is so feeble that, were he to take a strong leap, 
he would ‘ bound clear off the planetoid, never to return !’ 
And with what further result ? He would revolve round the 
sun like the asteroids and planets in an elliptical orbit of 
his own as one more member of the Solar System ! In other 
words, to us on the earth he would become a permanent 
heavenly body ! 

The orbits of most asteroids are highly eccentric. 
Asteroid T G, discovered in 1906, has its orbit so eccentric 
that it sometimes goes far beyond the path of Jupiter. For 
a similar reason, Eros at perihelion comes within the orbit 
of Mars, while at aphelion it travels far beyond. The 
revolution-periods of these bodies range from less than two 
years to nearly nine. 

Comets are strange heavenly bodies, which vary in ap- 
pearance, size and brilliancy. Their total number in the 
Solar System has been estimated at 120,000, The vast bulk 
of them are invisible to the naked eye, but some are so big 
and bright that they can be seen in broad daylight though 
they may be in the close vicinity of the sun. 

Comets usually consist of two parts, the coma and the 
nucleus. The coma is a small rounded cloud of luminous 
fog, with an average diameter of 80,000 miles, but in the 
great comet of 1811 it attained a record diameter of a 
million miles. In the centre of the coma is a bright point 
of light, the nucleus, and together they form the ‘ head ’ of 
the comet. A large comet has, besides, a luminous tail, 
sometimes more than one, and the tail is occasionally 
so long that it stretches across the heavens from the sun to 
the earth or rather from the zenith to the horizon. The 
great comet of 1882, which was visible for over a week, had 
a tail upwards of 100 million miles long. 

One of the pious prayers among the Christian people in 
mediaeval times was : — ‘ Lord, deliver us from the Devil, 
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the Turk and Comet!* Comets were therefore closely 
watched by the ancients, with the result that they kept 
careful records of their observed returns The astronomers 
Cowell and Crommehn at Greenwich were able to trace 
from these records 28 returns of Halley s Comet observed 
since as far back as 240 B C Aristotle however mentions 
the appearance of a comet still further back, vtz, in 
the year 372 B C 

An interesting article under the caption ‘ Exit the Earth' 
contributed by Sir Richard Gregory to The Sunday Despatch 
was reproduced m the Evening News of India of 1st August 
1929 A few extracts from it may be quoted as bearing on 
the subject of the present chapter — 

‘ From time to time the sao polls into onr system solid masses 
of matter, some of which might eventually cross the earths 
track at the same time as the earth Most of the Urge comets 
which, have appeared have been captured m this way by the 
attraction of the sao and the planet Jnpiter Exactly ^vbat the 
nocleos of the head of a comet is cannot definitely be said, bnt m 
all probability it consists of a collection of solid partides which 
may be the size of small marbles or of footballs or even larger 

* The total mass of a comet can be anything from l/lOOOOOth 
to 1/lOOOOtb the mass of the earth 

* Nearly all of a comet s substance is concentrated in the 
nucleus, and this may have a diameter of about a couple of 
thousand miles — say a quarter the diameter of the earth— or as 
m Halley s periodic comet, which xvas visible in 1910, of about 
500 miles 

*An encounter of the earth wiUi the nucleus of a comet would 
mean the end of the world Such a collision is not probable but 

^ •.m.yoas.'.bie. yassroi Vfea. tail of Hallav s 

Comet in 1910, and also through the tail of another comet 
in 1861, but that is a very different thing from passing through 
the head 

' The tail of a large comet, though it looks very alarming, 
really consists of extremely attenuated gas, and no effect what 
evef IS noticed when it envelops the eattij 



Asteroids and comets 


ids 

‘ If, however, we hit the nucleus of a comet, the friction and 
collision w'ith the solid material in it woxdd probably produce so 
much heat that aU forms of life would be destroyed, and our 
world would be transformed into a barren rock. 

‘ By the laws of probability or chance, the earth must have had 
collision with comets in the coarse of its history, and others will 
occur in the future. ’ 

In one of his lectures Jeans makes a humorous remark 
on the comet and its erratic ways : — 

‘ Comets are the crazy lunatics of space. They dash about in 
orbits it is very difficult to predict. They may not come back, 
because they have met v/ith an accident on the way. The comet 
is like the man who runs amok so as to get his name in the 
headlines of the newspapers. They have a brief and glorious 
life through behaving indiscreetly, ’ 

A comet’s tail consists of materials of high tenuity and 
is so transparent that it is possible to see most stars 
through it undimmed in their luminosity. 

Comets shine partly by their own light and partly by 
the reflected light of the sun. The spectroscope shows 
that most of their envelopes are composed of the gases 
cyanogen, carbon monoxide and hydrocarbons and the 
vapours of sodium, iron and other metals. It is not to be 
assumed from this that comets are simply masses of gas 
moving across space. Though the quantity of matter in a 
comet may be extremely small, it is likely that its nucleus 
contains a swarm of small solid particles, each being sur- 
rounded by gas. In the great comet of 1882 observed by 
Copeland and Lohse, the spectrum revealed the presence 
of sodium and manganese in its interior. 

The orbits of comets are eccentric, to such an extent in 
the case of some that their perihelial points actually lie 
within the corona of the sun. The orbits vary in their 
form. The paths of some of the comets are represented by 
a more or less elongated ellipse, the curve being thus a 
closed one. These regularly revolve round^the sun. The 
orbits of the remaining comets are open curves, those of 
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the majority being parabolic and of a few only hyperbolic 
It may be explained that, m a palabola, the arms of the 
figure become nearly parallel to each other as they extend 
farther out, while in a hyperbola they go on diverging from 
each other 

More than 100 comets are known to have distinctly 
elliptical orbits 40 per cent of them have been found to 
have revolution periods of between 5 and 9 years, while the 
penods of the rest range up to 10,000 years Halley’s Comet 
takes about a human lifetime to complete its circuit round 
the sun Comets moving m unclosed orbits approach the 
sun from remote distances far beyond the Solar System 
but after sweeping round the sun, retreat into the depths 
of space, perhaps never to return 

The name ‘comet’ is derived from the Greek komeles, 
a term which means ‘ long haired ’ and applies to the appear 
ance of the tail The ancients, practically the world 
over, held this body in superstitious dread Comets were 
looked upon as the harbingers of nation wide calamity and 
disaster 

In the light of the above quotations from two great 
scientists, it is no wonder if the ancients entertained a holy 
horror for comets, and looked upon them as Jeans does, 
as road hogs of the universe ' 

Both Jeans and Gregory have some remarks to make, 
nearly as impressive, about asteroids Says the former — 

* If asteroid Ceres which weighs 8,000 times less than the earth 
were stopped in its orbit, it would gravitate towards the 
sun, slowly at first and then with ever increasing velocity If the 
earth happened to be in its way, it would colhde with it at the 
speed of a shooting star and would raise it to a white heat. 
Needless to say, all life would l» blotted out But the more 
massive of the asteroids would not be easily disturbed in their 
orbit. ’ 

Gregory adds m bis article — 

‘There are^ other bodies m the solar system with which the 
earth Could land an accidental but disastrous meeting 
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‘ In 1931, for exampl^ an asteroid called Eros — one of a group 
of some thousands which circulate round the sun between the 
planets Mars and Jupiter — will come within a distance of 16 
million miles of the earth. It is only 15 miles across, and there 
is no need to fear that it will come into contact with the earth, 
but on the other hand no one can say it is impossible for this 
or another asteroid to strike the earth and thus bring about the 
actual destruction of life upon the world. 

' Even if there was no end on collision, the near approach of 
any such object to the earth would cause tidal and other effects 
on the surface and in the interior which would bring disaster to 
most parts of the world. ’ 

The calculation of the probable weights of Comets and 
the largest Asteroid is very simpla From the extracts 
quoted it will be seen that Asteroid Ceres weighs, accord- 
ing to Jeans, 8,000 times less than the Earth. Its weight 
would therefore be, in round figures, 824 quadrillion tons ! 
The most liberal estimate assigns a total mass of l/500th 
of that of the earth to the whole family of Asteroids, so 
that their combined weight should not exceed 13 quintillion 
tons or one-sixth of the weight of the Moon. Gregory esti- 
mates, as has been noticed, the total mass of a Comet at from 
1/lOOOOOth to 1/lOOOOth of that of the Earth. This means 
that the weights of Comets vary between 66 and 660 
quadrillion tons. 



CHAPTER XVI 
The Lowet Stellar Region 

Ye multiplying masses of increased 
And sbll increasing light what are ye ? What 
In this blue wilderness of intermmable 
Alt where ye toU along as t have seen 
The leaves along the hmpid stream of Eden ? 

Is your course measored for ye ? Or do ye 
Sweep on m your unbounded revelry 
Through an aerial universe of endless 
Eitpansioo at which my soul aches to think 
Intoxicated with eternity? 

— Eyreu 

Stars are hot, self luminous bodies, composed of glow 
ing vapours like the sun Stars become exceedingly dense 
towards the centre, and the central temperatures of those 
stars whose distribution of mass is stable are of colossal 
values and in the denser stars may amount to scores of 
million degrees C, 

Such a phenomenal heat would be enough to split all 
the atoms inside the stars, but according to Millikan, whilst 
these atoms are committing suicide in pairs, each negative 
electron taking a positive mate with it into anmhilation, 
there is indication that new atoms are being formed millions 
of miles away from the stars While matter is thus destroy 
ed m the interior of a star and turned into radiation, 
remarks Professor Milne of Oxford in this connection, this 
conversion of matter into energy supplies it with the 
enormous energy needed to keep it shmmg through the 
ages 

But the theory that fresh atoms are being built up in 
the universe to replace those broken up is vehemently 
contested by ^r James Jeans and also by Sir Arthur 
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Eddington, the distinguished Plumian Professor of Astro- 
nomy at Cambridge University. The former holds that, 
while eveiywhere in the universe the higher and more 
complex forms of matter are slowly disintegrating, no 
instance of the contrary process of building up matter is 
known, so that the universe is like a clock which is running 
dowiL Eddington points out that cosmic rays are evidence 
against Millikan’s conclusion. He contends that these rays 
are the ‘ souls ’ of disintegrating atoms and that in course 
of time the last erg of atomic energy will be gone. Unless 
we can turn time backward, he adds, the planets and the 
stars will gradually die dovra into cosmic dust. 

The pressure at the sun’s centre, as has been already 
mentioned, is 36 billion atmospheres, while at the centre of 
a star whose mass is one and a half times the sun’s, the 
pressure is estimated at only 21 million atmospheres. Still 
it means more than 137,800 tons to the square inch or 6 
times the pressure at the centre of the earth ! 

The composition of stellar atmospheres has been 
ascertained by means of the spectroscope. The elements 
most abundant in them are hydrogen, helium, oxygen, 
carbon, silicon, iron, calcium, sodium, aluminium, zinc, 
magnesium and manganese. 

The largest telescope in existence — ^the 100-inch instru- 
ment at Mount Wilson in California— shows about a billion 
and a half stars. The ‘ super-giant ’ 200-inch telescope nov; 
under construction in America will show many more, but 
even then we are told we shall be able to see a small frac- 
tion of the total number of stars in the universe. Their 
total number is estimated by Jeans at over 100 billion, of 
which persons with the keenest sight can see with the 
naked eye only about 3,000. But even this estimate of 100 
billion is, of course, more or less a speculation, and the 
total number of stars in the heavens may be still greater. 
As bearing on this point, may be quoted the following 
lines from the poet, Allingham : — * 
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* But number every grmn of sand 
Wherever salt wave touche^ land , 
limber m sm^e drops the sea , 

Number the leav» on every tree 
Number earth's living creatures all 
That run that fly, that srvim that crawl , 

Of sands drops leaves and Lves, the count 
Add up into one vast amount 
And then for every separate one 
Of all those, let a flaming SUN 
Whirl in the boundless skies with each 
Its massy planets to outreach 
AU Sight idl thought for all we see 
Boarded with infimty. 

Is hut an island * 

Stars are of various degrees of brightness The term 
magnitude, as used in the following list, does not indicate 
size, but brightness Thus the brightest stars are said to 
be of first magnitude, the next m brightness of second 
magnitude, and so on Some stars undergo a penodic 
change m their brightness and are consequently called 
variable stars. 

According to Argelander, the number of stars of the first 
three magnitudes are — 


1st magiutudo— 20 
2od „ — 65 

3rd „ — 190 

The following table gives the results of the observations 
made m 1925 by F H Scares and P J Van Rhijn as to the 
approximate number of stars of lesser magnitudes — 


fllagfl 

No of Stars 

4th 

530 

5th 

1620 

6th 

4,850 

7th 

14,300 

8th 

41000 

9th 

ll7/)00 

10th 

324000 

Uth 

tfA),000 


Mngn 

No ot Stars 

12 th 

22"DOOO 

13th 

5700000 

14th 

13 800000 

15th 

32 000000 

16th 

71000000 

17th 

150 000000 

18th 

296000000 

J9th 

560,000009 
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The number of stars of 20th magnitude is, according to 
Dr. Baker, 1 billion. It ^ill be noticed that, as we go down 
from the greater to the lesser magnitudes, the number 
increases roughly in geometrical progression till the 15th 
magnitude. 

Stellar distances are so vast that they are mentioned in 
terms of a unit called Light Year, a light-year being the dis- 
tance travelled by light in one year. The velocity of light 
as determined by Michelson in 1924 at Mt. Wilson ( Califor- 
nia), is 186,285 miles a second. A light-year is therefore 
equal to about 5,875,000,000,000 or nearly 6 trillion miles. 
The distances of stars are ascertained by measuring their 
parallaxes by certain methods. Parallax, in its broad sense, 
is the difference in the direction of a celestial object as 
observed from two different points, and is measured by the 
angle formed by two lines drawn from the body to the two 
points. But usually the term is used for the angle between 
the two lines joining the body to the observer and the earth’s 
centre ; in other words, it is the angle subtended at the 
object by the earth’s radius. In the case of a star, however,^ 
from which the earth would be seen as only a point, the 
parallax measured is the angle subtended at the star by 
the sun’s mean distance from the earth, i. e., by the radius 
of the earth’s orbit. When the parallax has been deter- 
mined, the distance is easily calculated by trigonometry. 

Stellar distances, except in the case of the most impor- 
tant stars, principally those of the first magnitude, are a 
subject of continuous research. It is difficult to trace the 
approximate distances of stars of the 2nd and lesser magni- 
tudes except in a few cases. In this chapter, generally the 
figures given by Abbot and Baker have been adopted, 
and in only a few instances, the distances are taken from 
scientific journals. In the case of stars of other than 1st 
magnitude where the individual distances are not traceable, 
are given the average distances computed from the mean 
parallaxes as given by Baker. These distances, however, 
must be looked upon rather as conservative estimates, an^ 
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the actual average distances must be much higher, for 
Baker is careful to explain that the mean distance of stars 
of a given magnitude is considerably greater than the dis- 
ance derived from the mean parallax for that magnitude 

Where available, the diameters of some of the larger 
stars have been given The diameters of the exceptionally 
big stars have been ascertained by means of a 20 ft inter 
ferometer, an instrument used as an attachment to the 
giant 100 inch reflecting telescope at the Mt Wilson Obser 
vatory in California A new 50 ft interferometer has been 
demonstrated by Dr F G Pease of this Observatory, and 
he has measured the diameters of a number of gigantic 
stars with its aid 

The heat of stars is measured by means of delicate 
instruments called the Radiometer and the Thermocouple 

For the most part the well known stars are dealt with m 
the following list Wherever it has been possible to trace 
them, are given side by side as a matter of interest, the 
names of the stars and constellations as known m Hindu 
astronomy The abbreviation L Y stands for light years 

Some idea of the immensity of space will be gamed 
from the fact that the nearest star is nearly 260000 
times farther away from us than the sun, or about 5 115 
times farther than is the farthest of planets, Pluto, at its 
greatest distance from the earth Further, if it were possible 
to build a man carrying ‘ space ship ' which could sail into 
the stellar region and travel with the phenomenal velocity 
of light, It would take the astronaut fully two months to 
journey from the nearest star to the next nearest , and to 
reach from the earth any of the faintest stars visible to the 
naked eye, it would take him something like 30 centuries I 

ApiiTOxmait &s«iru 
frotn the Earth 

(1) Proxima Centaun— nearest of all 'j 4 is t y = 
stars a very famt one. Parallax \ nines 

0 786"-^ nth magn J 
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Note.— It belongs to the group Centaur, part of a southern Constella- 
tion, in the form of a Centaur, uiually joined with the Constellation Lupus, 
the Wolf. The star is of a red colour. Its luminosity is only 1/lOOOOth of 
the sun’s. Its surface temperature is 3,000“ C.— ( Jeans ) . 


(2) 


Approximate distance 
from the Earth 


Alpha Centaun—Mxita.’ in Hindu 'i 
Astronomy — 1st magn. as a > 
double star J 


4-3 L. Y.= 
25 trillion m. 


Note 


Alpha Centauri belongs to what is called the binary system. A 
binary star consists of two stars lying close together and revolving 
round each other by mutual gravitation. The brighter component 
of Alpha Centauri is of a yellow colour and is called Alpha Centauri 
A, and the other Alpha Centauri B. The diameter of A is about 
917,960 miles, and it is thus a little larger than the sun . — ( Jeans ). 
The diameter of B is still larger, being about 1,056,520 miles. 
— ( Jeans ). 

This ‘ physical couple ’ is said to be the third brightest star in 
the heavens. Its surface temperature is 6,000® C. or about the 
same as that of the sun, and its parallax is 0'758". — ( Baker ). 

‘ An observer placed on Alpha Centauri and viewing the solar 
system from the awful distance which intervenes, would see the 
earth describe a little circle about a second and a half in diameter. 
This is extremely small ; it is about as large as a penny piece 
would look if placed 3 miles from the observer.’ — Ball in his book. 
In the High Heavens. 

N. B. — A second and a half, in the duodecimal system, equals one- 
eighth of an inch. Ball obviously refers here to a telescopic view.* 


(3) Sirius or Dog Star—* Vyadha’ or I 

* Lubdhaka ’ in Hindu Astronomy I 8-8 L. Y. {Baker) =3 
— in southern Constellation Canis ” 52 trillion m. 

Major or Great Dog— 1st magn. , 


* Dr. Donald H. Menzel of Lick Observatory, Mt. Hamilton, California, 
says in Everyday Science & Mechanics of September 1932 that the biggest 
telescope in the world, if transported to the nearest star and then turned 
back upon the solar system, would be unable to show^even the largest of 
our planets. 
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Note 

o 

Sirias also IS a binary star Sinus A, the mam star, is of a 
bnlliant white colour It is the brightest star m the heavens and 
IS hence called the * Gem of the Sky *. It is 26 3 tunes as bright 
as the sun Though it is over twice as distant as Prorima Cen 
taun, we receive from it 70,000 times as much light Its diameter 
IS 1,558,800 miles — ( Baker ) Sinus is thus over 7 million times 
as large as the earth, or nearly 6 times larger than the sun It is 
therefore classed among the * Giant Sons Its surface temperatnre 
IS 11,200'’ C—(BaAcr) 

Sinus IS associated by the Hindus even to this day with the heal 
of summer, as the star, being then directly overhead in daytime, i$ 
believed to intensify the heat poured forth by the sun They con 
sequently often cal] this %\ 2 iX A&ntnaksha\ra, which means 'Frry 
Star’ The Romans called the hottest days of summer canieulares 
dies ( dog days ), the days of the Dog Star, for according to their 
theory this star, nsing and setting with the sun, added to its beat 
during the dog days, so that the earth received the combined beat 
of the two luminaries The dog days last 40 days, 20 before and 
20 after the heliacal rising of the star, commencing on the 3rd of 
}aly and ending on the Ilth of August 

Sinus A has a remarkable companion called Sinus B, whoso 
material is so dense that it is said that a ton of it could be easily 
packed in a match box ( It may be added by way of oimparison 
tlat the densest tercestnal substance known is the metal Osttuum, 
which IS about 22 5 times denser than water, while the average 
density of the material of Sinus B has been found to be, accordmg 
to Baker, of the order of 30,000 ( Dr Smart says 50,000 and 
Sir James Jeans ‘ about 60,000 ’ ) times that of water, {js , at least 
1^333 times that of the densest known substans* in our globe 'Bw 
diameter of the star is about 25,000 miles, so that it is about 
30 times larger than the earth 

Bat this record m density fades into the background before 
that claimed by Van Maanen's Star, It is the smallest star yet 
disojvered and may not be larger than the earth The mean density 
of the substance of this curious body, says Jeans in one of his arti 
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cles, is probably about 50,000 times that of the earth, t.e., 276,000 
times that of water or o^r 12,000 times that of osmium ! The 
explanation he gives is that in this star the material is packed ex- 
ceedingly closely ‘ by the simple expedient of breaking up the atoms 
and jamming the ingredients together.’ Its surface temperature is 
7,000° C.— {Jeans ). 

Approximate distance 
from the Earth 


(4) Procyon or Alpha Canis Minoris— ^ 10.4 l y.{jBdker)= 
‘ Prabhashaka ’ in Hindu Astro- r 04 trillion m. 
nomy — 1st magn. I 


Note.-It is a pale-yellow double star in the southern Constellation 
Canis Minor or Littie Dog. Its diameter is 1,645,400 m. and surface tempe- 
rature 6.500'> C.-(Baker). Another Giant Sun. It is SJ times as bng t 

as the sun. 


fSl Eosilon ( Greek letter) Eridam-— in ) 
Eridanus, a winding Constellation V 
in the southern hemisphere J 

(61 61 Cygni— in northern Constellation'! 

Cygnus or Swan or Northern Cwss i 

and in Zodiacal Constellation b 
Aquarius {Kumbha in Hindu Astro- j 
nomy) — 5th magn. J 

Note.— Its surface temperature is 3,800® C. — ( Baker) . 


10.5L.Y.= 
61 trillion m. 


10.9 L. Y.= 
64 trillion m. 


Astronomy— in northern Consteiia 

tion Aquila or Eagle — 1st magn. J 


A star of a faint white colour. Diameter 1.212.400 miles and 
4th magnitudes respectively. 


(8) 


Fomalhaut-m southern ConstdlaO 24 L. Y. [Baker)= 
tion Piscis Australis or boutnern ^ 444 trillion m. 
Fish — 1st magn. J 

and is 13J times as bri^t as the sun. 


Note.— It is a white star 
40 
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(9) 


Approximate distance 


Vega or Alpha Lyrae— ‘Abiiijit" in 
Hindu Astronomy — in northern 
Constellation Lyra — 1st magn 


jTOm ihe Barth 


26LY (B<rtjr)= 
152 trilltoa m 


Note —A bnlliant white star SO times brighter than the sun Diameter 
2 ore 400 m and surface temperature 11,200® C — (Bafccr) Another Giant 
Sun 


(10) Pollux or Beta Geminorum— 

‘ Punarvasu * m Hindu Astronomy V 
— 1st magn J 


32 L Y (Baler) = 
191 trilhoa m 


Note —A reddish star 28 times as bright as the sun In Hindu Astro- 
nomy the Zodiacal Constellation Geraim or Twins is known as Mtkuna, 
Ptitienasu IS the 7th lunar mansion consisting of 4 stars one of which is of 
1st xnago 


(U) Eta (Greek letter) Hercules — m ) 395LY = 

northern Constellation Hercules J 232tniiioan 


(12) 


Arciurus or Alpha Bootes— 'Svati* 
or ‘Nishtya’ in Hindu Astronomy 
— m northern Oinstellation Bootes 
—1st magn 


41 D y {Beter 
and Smart ) =» 
241 tnllion m. 


Note —A red star 100 times as bngbt as the sum Diameter 25 9S0 000 
ra and surface temperature 4 100® C —(Baker) Another Giant Sun 

Siah is the ISth lunar mansion consisting of one star, which is of the 
1st magn 


(13) Castor or Alpha (jcminorum— a ) <s L Y s* 
double star of 2nd magn J 253 trillion m. 


(14) Capella — ‘Brahmahndaya’ in T 

Hindu Astronomy — in nor , 47 L Y (Beiri-)* 

them Constellation Auriga or * aretnihonjn 
Charioteer— 1st magn 

Note — A star of yellowish white colour 185 times bngbter than the 
sun Diameter 10.392 000 m and surface temperature 5500® C — (Baker) 
Another Giant Sun, Capdla Arcturus and Vega are three of the most 
bnlhant stats m the northern heavens 


(15) Nearest Star or Stars in northern ‘ 

Constellation Ursa Major or Great 

Bear or Big Dipper or the Plough— 50 L Y = 

Constellation Saptarshi in Hindu [- 294 tntiion m. 

Astronomy consisting of 7 stars, 

of which 6 are of 2nd magn and 

1 of 5th Eiagn. 
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Note. — The above distance is taken from a chart of the astronomical 
or visible universe, accompanjUng an article by Mr. John T. Brady in Popular 
Mechanics Magazine of April 1930. 

According to Hindu mythology, seven Rishis or Sages, or Saptarshis, 
form this constellation. They belong to the Brahmarshi or highest order. 
Their names, according to the Hindu epic of Mahabharata, are Marichi, 
Atri, Angiras, Pulastya, Pulaha, Kritu and Vashishta. 

Approramaie distance 
from ihe Earth 

(16) Polaris or Pole Star— ‘Nakshatra- ' 
nemi,’ ‘Jyotiratha’ or ‘Dhruva- 
nakshatra’ in Hindu Astronomy I 54-5L. y.= 
—chief star in the northern j* 320 trillion m. 
Constellation Ursa Minor or Little 

Bear— a white star — 2nd magn. 

Note, — This distance is taken from Millikan and Gale’s Practi- 
axl Physics, tvhicili mentions it in the followiag interesting: way : — 

* If an observer on the Pole Star had a telescope powerful 
enough to enable him to see events on the earth, he would not have 
seen the battle of Gettysburg ( which occurred in July 1863 ) 
until January 1918. ’ 

According to Hindu mythology, Dhruva was the son of the 
king Utthanapada, who had two wives, Suruchi and Suniti, but the 
latter was disliked by the king. Suruchi had a son named 
Utthama, and Suniti another named Dhruva, One day Dhruva 
tried, like his elder brother, to sit in his father's lap, but was spurn- 
ed by the king and his favourite wife. The poor boy went sobbing 
to his mother, who told him in consolatory terms that fortune and 
favour could only be attained by hard exertion. The youth there- 
upon left the paternal roof, retired to the forest and though quite 
a boy, performed such rigorous austerities that he was at last raised 
by the god Vishnu to the position of the Pole Star. 

(17) Regtilus or Cor Leonis (Lion’s'l 

Heart) — ‘Magha’ in Hindu Astro- 1 56 L. Y. (Baker) = 
nomy, in the Zodiacal Constella- f 329 trillion m. 
tion Simha (Leo)— 1st magn. J 

Note. — It is 70 times as bright as the sun. Its diameter is 4,330,000 
miles. Another Giant Sun. Magha is the 10th lunar mansion consisting of 
5 stars, of which 1 is of 1st, 1 of 2nd and 3 of 3rd magnitudes. 
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Approximate £siantt 
* frm the Earth 

(18) Aldeharan or Alpha 
Bull’s Eye— ‘ Rohini ’ 

Hindu Astronomy, in 
cal Constellation 
(Taurus)— 1st magn 


Taun or "I 
(itfifffr) in 1 
theZodia [ 
Vnshabha 


57L,Y 
335 tntHon m 


Note — A red star 90 times brighter than the stiQ Diameter 32 908 000 
m and surface temperature 3,303® C — ( Baker ) Another Giant Sun 

ROhint 13 the 4th lunar mansion consisting of 5 stars of which one is 
of 1st magn 


(19) Achmiar or Endani— 
in the southern hemisphere— 
1st magn 


66 L Y {BOier) 
388 trillion m 


Note —A blue white star 200 times as bright as the sun. Another 
Giant Sun. 

According to Smart, the number of stars whose distances are between 
8and66L.y 13309 


Average islantt 
from tht Earth 

Stars of the 2nd mas:nitude (ex '| 
cept one or two mentioned later) ^ 74 L Y ( Baker) = 

whose Individual distances are * 435 trillion m 

not available — 


(20) Alpha Draconis — m northern Constellation Draco 

or Dragon ^ 

(21) Brightest Star in * Ashvini’, the 1st lunar mansion 
m Hindu Astronomy consisting of 3 stars in the 
Zodiacal Constellation ‘Mesha’ (Aries) 

(22) Brighter of the 2 Stars m 'Purva Phalguni' 

or ‘Arjuni’, in Hindu Astronomy the 
11th lunar mansion m I.eo 

(23) Denebola or Beta Leoiws— m Hindu Astronomy 
‘Utthara Phalguni’, the 12th lunar mansion consist 
ing of 2 stars in Leo, both of 2nd magn, 
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(24) 2 of the Stars in southern Constellation Corvus or 
Raven — in Hindli Astronomy ‘ Hasta’, the 13th 
lunar mansion consisting of 5 stars in the Zodiacal 
Constellation ‘ Kanya ’ ( Virgo ). 

(25) Brighter of the 2 stars in Vishakha (flrarar) or 
Radha (?rgr), in Hindu Astronomy the 16th lunar 
mansion in Zodiacal Constellation ‘ Tula ’ ( Libra ). 

(26) Brightest Star of the four in Aniiradha 

in Hindu Astronomy the 17th lunar mansion in 
Zodiacal Constellation Vrischika (Scorpio). 

(27) Alphecca or Gemma in Constellation Corona Bore- 
alis or Northern Crown. 

(28) Brightest Star in Mula ( ), in Hindu Astronomy 

the 19th lunar mansion in Scorpio, consisting of 
9 stars, one of which is of 2nd magn. 

(29) Brightest Star in ‘ Uttharashadha’, in Hindu Astro- 
nomy the 21st lunar mansion in Zodiacal Constel- 
lation Dhanu (Sagittarius ), consisting of 3 stars. 

(30) Markab or Alpha Pegasi— in Hindu Astronomy one 
of the 2 stars (both of 2nd magn.) in Turvabhadra’ 
or ‘Purvabhadrapada ’ ('If)wr44''^i) or ‘Pratishthana’ 
(ir^renT)ithe 25th lunar mansion. 

Note — Markab is a white star in the northern Constellation or ‘Square’ 
of Pegasus called the ‘Flying’ or ‘Winged Horse.’ 

(31) Algenib or Gamma (Greek letter) Pegasi— ‘Gopada’ 
in Hindu Astronomy— in the Square of Pegasus. 

(32) Alpheratz— in northern Constellation Andromeda 
— ‘Uttharabhadra ’ or ‘ Uttharabhadrapada’ in 
Hindu Astronomy, the 26th lunar mansion in 
Zodiacal Constellation Meena (Pisces), consisting 
of 2 stars both of 2nd magn., identified as Alpha 
and Beta Androraedae respectively.* 
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(33) Alpha Hydras— in Southern Constellation Hydra 
or Sea Serpent, known )n Hindu Astronomy as 
*AshI6sha' (ar^) or ‘ Nflganayaka ’ or ‘Nflga 
nakshatra’, the 9th lunar mansion in Zodiacal 
Constellation *Karkataka’ (Cancer) consisting of 5 
stars, one of which is of 2nd magn 

AieraEs «£jJan« 
from tki Earth 

} 102LV 

(34) Brightest Star in northern (^nstellation Delphmus 
or Dolphin — ‘Shravishta’, *Dhanishta' or 
‘Vasudevata’ m Hindu Astronomy, the 23rd lunar 
mansion in Zodiacal (Constellation Aquanus, consist 
mg of 4 stars 

(35) Gamma Andromedae— a double star, one of 3rd 
magnitude of orange colour, and the other of lesser 
magnitude of green colour 

(36) BnghtestStarorStarsinConstdlation'Shatabhlsha, 
m Hindu Astronomy the 24th lunar mansion in 
Zodiacal Constellation Aquanus, consisting of 100 
stars 

(37) Brighter of the 2 Stars in * Purvashadha’, m Hindu 
Astronomy the 20th lunar mansion m Zodiacal 
Constellation Sagittanus 

(38) BetaCygni— a most beautiful, coloured double 
star— one of 3rd magn. of a golden yellow colour, 
and the other of 7th magn of a hght Wue colour 

Approxmiii £slanci 
from the Earth 

(39) Algol or Beta Persei in nor 1 its L.Y (Eno«J Bfi929]~ 
them Constellation Perseus j tnu on m. 

Note — AlgoUsa Tamble star and « hence called *The Wjnldng 
DciBon SUv It vines from 2nd to 4th magn. m about 2 da^s 21 


Stars of the 3rd magn (except one or two 
mentioned later) whose individual dls 
tances are not available — 
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and returns to its original brightness in the same interval of time. It is 
a brilUant star with a luminosi^r 140 times that of the sun. Its diameter 
is 2,675,000 m. (Eiicycl Brit., 1929). Another Giant Sun. It has a faint or dark 
companion whose diameter is, strangely enough, still larger, wz., 3,062,500 m. 
{Enci'cl. Brit., 1929), giving us still another Giant Sun. 

(40) Hyades, a Cluster of 5 Stars in 1 130 L. y. ( Brady ) = 
Zodiacal Constellation Taurus J 764 trillion m. 


Stars of the 4th magn. whose 
individual distances are not avail- 
able : — 


I 


Average distance 
from the Earth 

142 L.Y. {Baker) = 
834 trillion m. 


(41) Eta Cassiopeia— in northern Constellation Cassio- 
peia or Lady's Chair — Constellation 'Sharmishta' 
in Hindu Astronomy— a coloured double star, one 
of 4th magn,, yellow, and the other of 8 th magn,, 
purple. 


(42) Brightest Star in Constellation ‘Bharani’ (sieoff), 
the 2nd lunar mansion in Hindu Astronomy, con- 
sisting of 3 stars. 


(43) Delta ( Greek letter ) Cancri— brightest star in 
Constellation ‘Pushya,’ the 8 th lunar mansion in 
Hindu Astronomy, in Zodiacal Constellation Cancer, 
consisting of 3 stars. 


(44) Iota ( Greek letter ) Cancri— a double star, one of 
4 th magn. of orange colour, and the other of 6 th 
magn. of blue colour. 

(45) Brightest Star or Stars in Constellation Piscium— 
Constellation ‘Revati’ in Hindu Astronomy, the 
27th or last lunar mansion, consisting of 32 stars. 


(46) 


Miraor Omicron (Greek letter)') .ggr 
Ceti, or ‘The Wonderful’-a van- V 95 ; 
able binarv star J 


Approximate distance 
from the Earth 


Y. {Baker) 
958 trillion m. 


able binary star 

Note.— It is in the Cetus or Whale, a large constellation in the southern 
hemisphere. It is of a red colour. It varies from 6th t8 9th magn. in 331 
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days and then returns gradually to its original brightness In the sane 
interval of time. When bnghtest it is 505 tiifces brighter than when faintest. 
Its diameter Is Z59 800000 m — ( Baker) Another Giant Sun. 


Stars of the 5th whose 

individual distances are not 
available — 


Average &M(i 
irmiheEartk 
192 L.Y (Bafcer) = 
1 quadrillion a 
123 triUionm. 


(47) 

(48) 


Brightest Stars in Constellation Corona Australis 
or Southern Crown 


Betelgeuse or Alpha Ononis— 
‘Ardra (an^) or Bahu’ in Hindu 
Astronomy— m southern Con 
stellation Orion or Hunter 
( Mrigashira m Hindu Astro 
nomy)— 1st magn 

Note 


Approximate &5(am 
from the Earth 


192 L.Y 

1 128 quadrillion m. 


Onon IS the most remarkable of all CoastellatioDS It contains 
2 stars of the 1st maga and 5 of the 2nd, and has in its vicuuty a 
nnmber of very brilliant stars The splendid 1st magn. star 
Sirius, sparkles like a gem m the hoe of belt downwards to the left, 
while another giant star of the 1st magn., Aldebarao, in Coostella 
tion Taurus, pours forth its lustrous glow from a point above to the 
right 

Betelgeuse is a red star 1,200 times as bright as the sun It 
vanes m its size, but its maximum diameter is 260,000000 
m — ( Baker ) Another Giant Sun. Its surface temperature is 
2,700® C — (A6&of) 

The ancient Hindus gave the name of Mrtgashtra to Onon, as 
they saw in it a resemblance to the head of a deer pierced with 
z. yvs.teii accwi The Rxg \€4vc the deer’s 

head with the constellation is that it is the head of the demon 
Vntra (supposed to be the persomhcation of darkness and drought) 
in the form of this animal, struck off by the storm god India. In 
Hmdu Astronomy, A rdra or Bahu is the 6th lunar mansion consist 
ing of one star only, and the Constellation Urtgasfura forms the 5th 
lunar mansion rolisistiiig of 3 stitfs 
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Approximate distance 
a from the Earth 

( 49 ) Scheat or Beta Pegasi— 2nd ) 204 l. y. {Baher)= 

magn. J 1-19S quadrillion m. 

Note.— Its surface temperature is 2,8500 c __ (Abbot). Its diameter 
is 34,640,000 m. — (Baker) . Another Giant Sun. In Hindu Astronomy it is the 
second star in the 25th lunar mansion Pttrvabhadra. 

( 50 ) Beta Cruets — in Constellation ) 204 L. Y. = 

Southern Cross — 1st magn. J M98 quadrillion m. 

Note 

It is a bright bluish star. 

The Constellation Southern Cross is hnown in Hindu Astro- 
nomy as Trishattku, consisting of 7 stars, 2 of which are of 
1st magn. 

In Hindu mythology, Trishanku was a celebrated monarch of 
the solar race, king of Ayodhya and father of the great Haris- 
chandra. He was a wise, pious and just ruler, but had one great 
weakness. He lot'ed his person to an inordinate degree. Desiring 
to perform a sacrifice by virtue of which he could go to heaven in 
his mortal body, he requested his family-priest Vashishta to officiate 
for him. Having met with a refusal, he called upon his hundred 
sons to do so, but they too declined. The king, in his rage, called 
them cowards and impotent beings and was in return cursed and 
degraded by them to be a Chandala ( an outcast ). While he was 
in this wretched condition, Vishvamitra, whose family Trishanku 
had in time of famine laid under deep obligation, undertook to 
perform the sacrifice and invited the gods to be present. They 
however declined, whereupon the enraged sage, by his own power, 
lifted Trishanku into the skies with his dearly cherished mortal body. 
The king soared higher and higher till his head struck against the 
vault of heaven, whence he was hurled back headlong by Indra 
and the other gods. The mighty Vishvamitra however arrested 
his fall in the sky, saying ' Stay, Trishanku’, and the unfortu- 
nate monarch remained suspended in free space with his head 
towards the earth as a constellation in the southern hemisphere. 

( 51 ) Alpha Cruds—m. Constellation ) 233 L.Y. (Baker)==. 

Southern Cross — 1st magn. f 1-37 quadrillion m. 

41 
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Note— It 19 also a bright blui^ Star and is leOOtmes brighter than 
the sun. t 

AppraxmaU Planet 
from the Earth 

(52) 5^02 or Alpha Virginis— m Hindu') 

Astronomy ‘Chitra’, the 14th lunar hy,-»T v , 
mansion m Zodiacal Constellation 
Virgo consisting of one star only— M^TquadnUionm 
1st magn J 

Note —Another Giant sun It is a blue white star 1^00 bmeg as bright 
as the sun 


(53) Average Distance of Stars of ]_ 272 LY (Eai«r)= 

the 6th magn j l 599 quadnllionio. 

(54) Beta Cenlaun-\st magn }?“ 

Note— Centaur contains 2 stats of the Ist magn^ of which Alpha is 
of 1st znago ooIf as a double star Beta Centaun is a blue star 3 000 times 
bnghter than the sun Its diameter is 9526(K)0 m and surface temperature 
21 000® C — (Baier) Another Giant Sun 


(55) Pleiades a group m Constellation 1 <!»fi vv - 

Tauruj-'I&ittika’ or 'Bahulika’ [ igieg^dniionm. 
m Hindu Astronomy ) 

Note —The hr ghtest star in Heiadre is Alcyone t3rd magn ) which is 
1 000 tunes as brilliant as the sun 

Krittika Is the 3rd lunar mansion m Hindu Astronomy Itcoosistsofd 
stars which in Hindu mydiology are represented as six nymphs nursing 
Kartik€ya the god of war 


(56) Constellation Perseus j- 

(57) Average Distance of Stars of the I 362 L y {B<^t)= 

7th magn j ZlgSquadnlUonm. 


(5S) 


ANTARES or Alpha Scorpionis or' 
Cor Scorpionis (Scorpions Heart) 
— ‘JySshta' in Hindu Astronomy 
—1st magn 


362 LY {,Baktr)r^ 
2128 quadnllionm- 


Note — It IS a very bnUiaut star of red colour, with a surfaw 
temperature of 3 100® C , andadiameterof415,680,000m-— (^<*^^ 
Another Giant Sun Antares is the latest star so far discovered. 


It 13 4,000 tunes as bright as the son 



LO^^'ER STELLAR REGION 


323 


JyisJtla, in Hindu Astronomy, is the 18th lunar mansion 
consisting of 3 stars. * 

(59) Rasalgeti or Alpha Hercules— a") 

coloured double star, one of 3rd i 403 L. Y. (Baktr)= 
magn. of orange colour, and the j 2-393 quadrillion m. 
other of 6th magn. of green colour J 

Note.— Its diameter is 346,000,000 m.— (/rajis and Baker). Another 
Giant Sun. Its surface temperature is 2,500® C. — (Abbot). 


(60) 

(61) 


Average Distance of Stars of the ) soi L- Y. (Baker)= 

J 2-945 quadrillion m. 


8th magn. 

Rigel or Beta Orionis — ^‘Banaraja’ 
or ‘Bharata’ or ‘Neela’ in Hindu 
Astronomy — 1st magn. 

Note. — It is an e.rtraordinarily brilliant blue-white star and 
is the brightest among stars of the 1st magn., being 15,000 times as 


543L.Y.(Bai«r)= 
3-192 quadrillion m. 


bright as the sun. Its surface temperature is 16,000® C., and 
its diameter is 18,000,000 m. by radiometer.-( Abbot ). Another 


Giant Sun. 


(62) Average Distance of Stars in Con- 1 600 L. y. (Brady)— 

Stellation Orion J 3-528 quadrillion m. 

(63) Canoptis or Alpha Argus— in) 

southern Constellation Argo Navis ! 652L. Y. (Brady)= 
— ‘Agastya’ in Hindu Astronomy T 3-833 quadrillion m. 
— 1st magn. J 

Note. — ^Another Giant Sun. It is an exceedingly brilliant star, over 
10,000 time-s brighter than the sun. In Hindu mythology, the sage Agastya 
is represented to be the regent of this star. 

, . , , ^ ^ ■) 652 L. Y. (Baker) = 

(64) Deneb or Alpha Cygni— 1st magn. 1 3.533 quadrillion m. 


Note.— Another Giant Sun, also exceedingly 
times as bright as the sun. It is of white colour. 

(65) Stars of the 9th magn. ... j 

(66) Stars of the 10th magn. ... j 

(67) Stars of the 11th magn. ... | 

(68) Stars of the 12th magn. ... | 


brilliant, being 10,000 

Average distance 
front the Earth 
693L. Y.(BflSer) = 
4-074 quadrilh'on m. 
959L. Y.(Bii/ter)= 
5-638 quadrillion m. 
1,304 L.Y. (Baker) = 
7-666 quadrillion m. 
1,811 L. Y. (Baker) = 
10-648 quadrillion m. 
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Concluding RemtErks 

From the infotmahon given m the foregoing list emerge three 
features of outstanding interest — 

(1) The apparent huge area m taken up by the SteUar 
Creation, as compared with that occupied by the Solar System 
of which the earth is a member. 

(2) The unimaginably vast distances from our globe at which 
stars dwell 

( 3 ) The sta^enng sizes of a number of stars called Giant Sans 

We are told by Jeans, as has already been mentioned, that the 
gigantic 100 inch telescope at Mt Wilson has revealed the ezisteace 
of about a billion and a half stars He estimates their total number 
in the universe at over 100 billion The question may be asked — 
* Is not space overcrowded by these countless hosts ? ’ A ready aod 
convincing answer is supplied by a high authority m the form 
of another question — ' Were the Mediterranean Sea inhabited by 
only a few hundred fishes instead of by incalculable numbers, could 
that sea be said to be overcrowded by fish ? ’ The Stellar System 
IS about 300,000 light years or 1 7625 qumtilhon miles in diameter 

It will have been noticed that in some cases two stars, though 
belonging to the same constellation, are separated from each other by 
enormous distances For example, Alpha and Beta Gemmorum he 
62 trillion miles apart. Alpha and Beta Crucis 172 trillion 
miles, Alpha and Epsilon Eridani 327 trillion, Alpha and Beta 
Centanri 1 quadrillion and 715 tnllion, Betelgeuse and Rigel 
in Orion 2 quadrillion and 64 trillion. Alpha and Eta Hercules 

2 qnadnUion and 167 tnUion, and lastly, Alpha and 61 Cygm 

3 quadrillion and 769 trfilion miles'! 

We now come to the most interesting and impressiie feature of 
the stellar creation, viz , the sires of the gigantic stars or Giant Suns 
From Abbot's book, The Earth and the Stars, we find that the total 
number of such stars discovered tip to 1925 was about 800 We 
now proceed tcbgive a fuller idea of the sizes of those Giant and 
Super giant Suns whose diameters we have been able to trace. 
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Name of Star 

Number of time 
larger than 
the Sun 

* Times larger 
than the Barth 

Altair (a faint-white giant) — Shravam 

2-75 

3-6 

million 

Sirius (a white giant) — Lttbdliaka 

5-8 

7-63 

tt 

Procyon (a pale-yellow giant) — 1 

‘Prabhashaka’ f 

6-8 

9 

Jt 

Vdga (a white giant) — Abhijil 

13-8 

18 

tt 

Algol 

29-47 

38-56 

n 

Algol’s Faint Companion (a ‘dark’ giant) 

44-22 

57-86 

ft 

Regulus — ‘Magha’ 

125 

163-5 

tt 

Alpha Leporis, principal star in the 
southern Constellation Lepus, the 
Hare, situated directly under 
Orion. Diameter 7,794,000 m. — 
(Chambers’s Entyci,, 1925-27) 

723 

93i 

tt 

Beta Centauri (a blue giant) 

1,331 

1-74 

billion 

Capella (a yellowish-white giant) 1 

— Brahmahridaya / 

1,728 

2-26 

l» 

Rigel (a blue-white giant) — Bharata 

9,000 

U 


Eta Draconis (a yellow giant) — ) 

Diameter 18,186,000 m. — v 

( Chambers’s EncycL, 1925-27) j 

9,261 

12'116 

9t 

Arcturus (a red giant) — ’Svati’ 

27,000 

3S 

tt 

Aldebaran (a red giant) — ‘Rdhini’ 

54,872 

79-54 

tt 

1 

Scheat (Beta Pegasi) — ‘Purvabhadra’ 1 

64,000 

84 

tl 

Mu ( Greek letter ) Geminorum ( a ) 
red giant) — Diameter 56,290,000 m. 1 
— (Chambers’s Encycl., 1925-27) ) 

274,625 

360 

tt 

Betelgeuse (a red giant) — ‘Ardra’ — 1 
variable in diameter / 

19 million to 1 
27 „ J 

24-8 trillion to 1 
35-4 „ S 

Mira or Omicron Ceti (a red giant) 

27 ,. 

35-4 

It 

Rasalgeti or Alpha Hercules, a double 
star, one of orange and the other 
of green colour 

63-78 „ 

83-44 

tt 

Antares (a red giant) — -‘Jydshta’ 

110-59 „ » 

143-68 

tt 
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Imagination reels at the stopendous sizes of these Titans of the 
Universe As we contemplate them, many of as will be reminded 
of the poet's lines so familiar to every schoolboy and schoolgirl — 

' Twinkle twinkle hide star. 

How I wonder what you are’, 

while the smallest star, Van Maanen s Star, is possibly of about 
the same size as the earth, and the largest known 143 trillion tunes 
bigger than onr globe ‘ Jyeshta ’ m Sanskrit means ‘firsV, ‘chief , 
‘seniormost’ or ‘pre eminent’, and Jyfishta is a most appropriate 
name for Antares, the biggest Colossus of the Stellar System 

The smallest known stars are the 'white dwarfs’ Red giants 
are those whose surface is at red heat, and white dwarfs those whose 
surface is at white heat Occasionally a giant star has a very small 
companion We are told by Jeans that the red super giant Oraicron 
Ceti (Mira ‘the Wonderful ) has been found to have a famt compa 
luon, a white dwarf Jeans has a simple, inimitable style of expres 
Sion, at times humorous, which should carry conviction even to a 
child 'If the stars had a sense of humour,' he remarks lo a special 
iirticle m Hindu lUuslrated Weekly, referring to what looks likeaa 
unnatural association between this 'giant' and the 'dwarf, 'this ill 
assorted pair ought to create some merriment by their absurd 
incongruity and inequality of size Landseer s *' Dignity and Impu 
dence " is quite outdone , it is as though an elephant and a sandfly 
were to join hands and travel together through space ’ Let it not be 
forgotten, however, that such a description has reference only to the 
relative sizes of the two stars, for this 'sandfly' may approach or 
even exceed the earth m size A somewhat similar instance of 
nnnatnral companionship is found on the earth itself The 
pilot fish, a small creature about a foot long, accompanies large 
sharks which vary from 36 to over 60 feet in length It be may added, 
in passing, that it frequently follov^ ships for weeks and even 
months together Saitors imagine that the pilot fish gmies the 
ravenous animal to its food, and hence its name, though naturalists 
think that its real object must be to pick up morsels of food on 
worthy of the shark’s notice In that case its object m following 
ships must be to pick np leavings of food thrown overboard 

But m spite of the phenomeml sizes of the giant stars, their 
masses are comparatively very small According to Baker, the 
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masses of the great majority of stars range from 0-2 to 5 times that 
of the sun. Jeans says that probably very few stars weigh as little 
as a tenth of the sun’s weight. 

Let us now ‘put into the scales’ some of these remarkable objects 
and take the readings : — 


Name of Star 

Times the 
Sun’s Mass 

Times 
the Earth’s 
Weight 

Weight 
in tons 

Sirius B 

0-85 (Jeatis) 

282,157 

1.86 octillion 

Alpha Centauri B 

0-97 „ 

321,991 

2-12 „ 

Alpha Centauri A — Mi/ra 

1-14 

378,423 

2.5 

Procyon A — ‘Prabhashaka’ 

1-24 „ 

411,618 

2.7 „ 

Sirius A — Lubdhaha j 

2-45 „ 

813,277 

5.36 „ 

Capella A (brighter com- \ 

ponent) — Bralmtahridaya J 

4-2 (Baker) 

1,394,190 

9-2 

Mira (Omicron Ceti) 

5 

1,659,750 

10.9 

An tares — ‘Jy6shta’ 

N. B. — Baker gives the mean 
density of the substance of 
this star as 3/10-millionths 
of the density of water, and 
the values given here are 
worked out on this basis. 

18-88 

6,267,216 

41-3 

Betelgeuse — ‘Ardra’ 

AC B.— The mean density of 
the material of this star is 
given as l/1500th of the den- 
sity of air at sea level. The 
values shown here are cal- 
culated on this basis and on 
the basis of the mean diame- 
ter of the star which has 
been taken to work out its 
volume. 

19.6 

6,506,220 

42-9 

Plaskett B 

63 (Jeans) 

20,912,850 

137.9 „ 

Plaskett A 

75 

24,896^50 

• 

164-16 „ 
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The heaviest star known is thus 75 times heavier than the sun. 
One writer remarks that stats of a ma&s outside the limit o! 50 times 
that of the sun cannot possibly exist as they would burst of their 
very bulk. But in view of the discovery m regard to Plaskett, this 
limit must be raised to somewhere above 75 times the sun’s wngg 

According to Jeans, the superficial temperatures of the hottest 
stars may be as high as 70,000* F , » e , over 38,000® C , the intenof 
temperatures must be from 115,000* to 29 milliori deg C and th- 
temperatures at the cores of the densest stars 58 nullioo to 
290 million deg C 1 Even with regard to temperatures of 30 to 60 
million deg C , the values are so appalling that it is almost impos 
sible to conceive what such an amount of heat means Jeans gives 
a graphic idea of it - 

* Let us in imagmatioo keep a cubic millimetre of ordinary matter^ 
a piece the sue of an ordinary pin bead— at a temperature of 50 mOlioo 
deg , the approximate temperature at the centre of the sun. Incredible 
though It may seem, merely to maintain this pm head of matter at such 
a temperature i to replenish the energy it loses by radiation from 
its Six faces— will need all the energy generated by an engine of 3,OOD 
mlUioo horse power, the pin head of matter would emit enough heat to 
kiU any one who ventured wiUun a thousand miles of it ' 

0( stars of 1st magmtade, the three brightest with a Inminosity 
10,000 times as much as the sun’s or more, are, as already mention 
ed, Deneb, Canopus and Rigel, whose light is respectively of 
32 3 nonillion, over 32 3 noniUion, and 48 45 nonillion candle power! 
Speaking generally, the heavier the stars, the more luminous they 
are, but their luminosity is considerably greater m proportion 
to their we^ht. According to a simple empirical formula, the 
Jummosity of stars is just proportional to the cubes of their masses 
But we learn from Jeans that there are exceptions where the lumino- 
sity is immensely disproportionate to the weight Thus Sirius B is 2 9 
tunes heavier then Sirius A,but is 10,000 times more luminous Pro* 
cyon has a corapamoc whose weight is only 3 2 times that of the 
mam star, bat its luminosity is 180,000 times as much, so that it 
13 very nearly a million times as lominons as the sun The lunn 
nosity of Sinus B is thus 850 uoniHion, and that of Procj’on’s com 
panion 2 2 decilUou candle power I Procyon B would thus appear 
to be the most luminous of all the stars yet discovered 
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Stars are thus the most interesting bodies in the whole host of 
heaven. ‘ The contemplation of celestial things remarks Cicero, 
‘will make a man both speak and think more sublimely and 
munificently when he descends to human afiairs. ’ The glory of the 
sun and the moon and of the wonderful panorama of a clear night 
sky has been surg by posts in aU ages and in all climes and is so 
beautifully, though tersely, expressed by India’s great poet-^nt, 
Kabir: — 

' The Hidden Banner is planted in the temple of the sky ; there the 
bine canopy, decked with the moon and set with bright jewels, is spread. 
There the light of the sun and the moon is shining ; siUI your mind to 
silence before that splendotm. Kabir says, “ he who has drunk of this 
nectar wonders like one who is mad.” ’ 

The contemplative mind perceives the Finger of God in the vault 
of heaven more than anywhere else in the universe. Thomson sings 
in ecstasy ; — 

* How can I gare upon yon spariding vault. 

And view the planets rolling in their spheres, 

Yet be an atheist ? Can I see those stars, 

And think of others far beyond my ken. 

Yet want conviction of Creating Power? 

What but a Being of immense perfection 
Could, through imbounded spaces, thus dispose 
Such numerous bodies, all presumptive worlds ? 

The undesigning hand of giddy Chance 
Could never fill, with globes so vast, so bright. 

That lofty conclave ! ’ 
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CHAPTER XVn 

The Upper-Stellar and Nebular Region 

‘Our e&rth is a tiny appendage to one and a rather yiconspicuoua one, 
of this vast multitude of stars . We begin to see now how 

iQsigmhcant our home in space really is tf humility is a virtue to be cn 
couraged, the study of astronomy can do much to inculcate iL ' 

— Sw Jams Jeans 

We have divided the Stellar Region into two parts, the 
Lower and the Upper ( m the sense of 'Nearer' and ‘Farther’ 
respectively), as it is more convenient and appropnate to 
deal with Star Clusters along with the Nebulae and to 
consider them separately from the mam stars and the con 
stellations dealt with in the last chapter 

Star Clusters and Nebulae are two remarkable classes of 
celestial bodies The former are vast collections of stars 
grouped into what are called Clusters Sometimes a cluster 
consists of an enormousnumberofstars, sometimes of colour 
ed stars of great brilliancy, sometimes the stars are group 
ed m a striking form, sometimes the shining points are so 
close together that it is impossible to distinguish the rays 
of the individual stars, and sometimes the stars are so tiny 
or remote, as in the case of the cluster in the Constellation 
of Hercules, that it is difficult to distinguish the cluster 
from a Nebula In some clusters the separate stars are 
visible to the naked eye, though only as globular cloudlets 
of faint light, the best known being the Pleiades in the 
Zodiacal Constellation of Taurus Most of them, however, 
can be resolved only in a large telescope Viewed through 
It, they are revealed m all their grandeur Some clusters 
have been found to be vast aggregations of variable stars 
Among the clusters remarkable for their richness and 
the bnlliancy of the individual stars, may be mentioned 
those m the Constellation of Perseus, that part of it which 
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is called its Sword-handle, and those in the Mlky Way 
(described later) near tlie Southern Cross. The latter, of 
course, are invisible from the northern hemisphere. The 
most beautiful cluster in the northern heavens is the one in 
Hercules, which contains thousands of stars concentrated 
in a very small area. 

Nebulae are faint cloudy spots or stains of light on the 
dark background of the sky, immersed in the depths of 
space. Unlike clouds, which shine by the light of the sun. 
Nebulae, when well developed, are self-luminous like the 
stars. They consist mainly of glowing gases of extreme 
tenuity, hydrogen and helium ha\ang been detected in some 
of them. When far away from the sun, Nebulae look like 
comets or star clusters. But unlike comets, which move 
about in the sky, Nebulae remain fixed. A cluster is 
resolvable into separate stars in a telescope, while a Nebula 
cannot be so resolved by the most powerful telescope in 
existence. Nebulae exist in three different shapes— cir- 
cular or annular, elliptical and spiral. About 8,000 Spiral 
Nebulae, each believed to be a universe by itself, have 
been so far discovered. The total number of these ‘island 
universes' is estimated by Dr. Edwin P. Hubble of Mount 
Wilson Observatory at 10 million. 

Nebulae are believed to be the birthplace of stars. The 
circular ones exist in two forms : spherical and flattened. 
The former appear like fluffy balls of gas or clouds of fine 
light particles. These are yet in the early stages of deve- 
lopment and no stars are observable in them. It is only 
when they have assumed a highly flat shape that stars 
begin to form in them. They are first evolved at the outer 
regions of the Nebulae, and the more flattened the Nebulae 
become, the larger is the number of stars present in them, 
until at last the central core also is occupied by a multitude 
of stars. So from a light, featureless globe of gaseous 
matter the Nebula grows to become in the fulness of time 
an immense star-land. It is ‘ highly probable that the 
stars come into existence through nebulous masses of gas 
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condensing into detached blobs—mpch as a cloud of steam 
condenses into drops of water says Jeans in an instructne 
article on ‘The Origin of the Universe' m the Hindu 
Illusiraied Weekly of 16th August 1931 He concludes his 
explanations as follows — 

' Let us look backwards lo time, and try to review the past 
history of oar sun At first we see it merely as a fluffier, 
a larger, and a more luminous globe than now We can look 
still further back to the tune when it is not a star at all, but a 
still more Huffy blob of gas, mixed up with thousands of others m 
a nebula of fuzzy gas — the nebula destined ultimately to condense 
into our star city And the rest of space is also occupied 
by other gaseous nehuUe which m the course of time will form 
other star cities 

‘ We can look even farther back m timei although only rather 
coQjecturally Imagine that, at the beginning of time, the whole 
substance of the universe was scattered throagh space in the form 
o! gas, this gas being distnbuted through space as uniformly as 
the air we breathe is distributed m a large ball or cathedral It 
can be proved that the gas would not stay spread uniformly 
through space m this way Just as a cloud of gas condenses into 
stars, this cloud of gas would soon begin to condense into 
detached blobs 

‘ Again we can calculate bow much gas would go to each ball 
And the result of the calculation is significant We find that 
each ball would contain just about as much gas as the nebulae 
we believe are destined to form star cities 

* Thus it looks probable that the matter of the univ erse started 
as a gas uniformly diffused through space, and this gas condensed, 
as it would have to, into distinct detached blobs, which are the 
present nebulae If this conjecture is sound, we can piece 
together the story of the evolution of the universe * 

Those Nebulae which lie in or near the plane of the 
Milky way are called Galactic Nebulae, and those which 
exist outside this plane are known as Extra galactic 
I^ebulae, 
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The Kght liat comes the nearest glohxilar cluster 
of stars began'its long journey across space towards the 
close of the first half of the Stone Age, that is, in the glacial 
period in the geologic time-scale, when the Vedic Aryans, 
if we accept Tilak's theory, li%!-ed comfortably in their 
Arctic homeland near the North Pole, while the fight which 
comes to us from the nearest Spiral Nebula started on its 
voyage in the Tertiary Epoch or the Age of Mammals, that 
is to say, before the creation of Alan ! 

The sizes of Nebulae are far in excess of that of the sun 
or of the largest of stars. Most of those known are millions 
of times larger than the entire solar system. 

Even so gigantic a body as the Nebula has not escaped 
the astronomer’s scale-pan ! We are told by Jeans that the 
average Nebula weighs two or three billion times as much 
as the sun. Even on the basis of the lower of these two 
values, we find that this weight amounts to the staggering 
figure of 4,377,034,000,003,000,000,000,000,000,000,000,000 or 
over 4,000 decillion tons ! 


( 1 ) 


Apprc:dnzste &!cr.ce 
from ike Earth 


Inner Border of the Whj’ or' 

the Gdaxy—Nabhassarii in Hindu 
Astronomy, or ‘Akasfia Ganga’ ■ 
(the Celestial Ganges) as it is 
called in the Alarathi language J 


4,000 L. Y. 

Ztt^r) = 
24quadrinioa m. 


Note._Ths 7»mky Way is a broad band or girdle of faint light 
sweeping round fiie heavens like a gigantic arch and consisting of 
millions of stars gronpsd in clnsters, some remarkable for their 
brilliancy and others for the vast nnmbsr of stars contained in them. 
The stars are generally so closely packed that the whole assemblage 
looks like a track or stream of faint ' milky ’ light. Milton describes 
it in Paradise Lost : — 


‘ A broad and ample road, whose dost is gold 
And pavement stars, as stars to thee appear. 
Seen in the galaxy — that Milky Way 
Thick, nightly, as a carding zone, thoa seest 
Powdered with stars. ’ 
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The Milky Way is a aniveree rf stars by itself It is called the 
Galactic System, and onr solar ^tem belongs to it 

The above distance is that given by Dr Hugo Sleeger, Director 
of the Munich Observatory, Bavaria 

Approsrmit tfsiantt 
from the Earth 

(2) Stars m the Milky Way . 

Note — More than 90 rniUion stars or 6 pet cent of the totid nnmhei so 
far discovered in the whole universe lie m the Milky Way 

(3) External Border of the Milky ) 9,300 ly ^S!tegir)t= 

Way J quadrillion in 

(4) Nearest Globular Cluster of \ 2100 oly = 

r 123 qnadnlhon m. 


(5) Messier 13, a famous Star 
Cluster in Constellation Her* 
cules 


} 


35 000L.y (Shaplv)s 
2t6 quadriUioo m. 


Note— This group contains nearly 50000 stars the smaller of which 
have been found to be 100 times and the larger 1 000 times as large as the 
sun! 


( 6 ) 


Nucleus or Centre of the” 
Astronomical Universe, about 
which, according to Shapley, it 
IS whirling in space with its 
billions of stars including the 
brilliant Giant Suns and other 
luminous celestial bodies and 
the Nebulae, like a gigantic 
illuminated disc wheel 


65000LY 

’ 3S2 quadnUloa miles 


Note — This central hob about which the wheel of the Astrono 
mical Universe is said to be spmnii^, is estimated by Shapley to be 
29,000 L Y ( 170 quadrillion miles ) across and 16,000 L V {9f 
qoaSrillion miles) thick, and situated in the direction oltheZofuMaV 
Constellation of Sagittarius He is careful to explain, however 
that this nucleus is the centre of only that universe with whiwh 
astronomical science is familiar and which it can measure at the 
present time, m other words, the centre of one particular visible and 
comprehensible universe which forms our galaxy, and not the centre 
o! centres of the efitire Stdlar Creation, 
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Approximate distance 

° from the Earth 

(7) Nubectda Minor ot Lesser 1 104, 320 L. Y. (Safer) = 
Magellanic Cloud j 613 quadrillion m. 

Note. — ^Magellanic Clouds are two conspicuous whitish Nebulae of a 
cloud-like appearance near the South Pole. They are visible to the unaided 
eye. The maximum diameter of the Lesser Cloud is 6,520 L. Y. ( Baker ) 
or 38 quadrillion m. 


(8) Nubecula Major or Larger 1 no, 840 L. Y. (Baker) = 
Magellanic Cloud j 651 quadrillion m. 


Note.— Its greatest diameter.is 14,018 L. Y. (Baker) or 82 quadrillion m. 

(9) Farthest Globular Clusters 1 220 ,oooL. Y. (/eons) = 
of Stars yet discovered J quintiiiion m. 


(10) Messier 31, the Giant Spi- 
ral Nebula in the Constel- 
lation of Andromeda 


\ 800,000 L, Y. (ffi<6We) = 
[ 4-7 quintiiiion m. 


Note,— According to Dr. Russell, the diameter of this great 
Nebula is 40,000 L. Y. ( 235 quadrillion m. ). It is the only Spiral 
Nebula that can be clearly seen without the aid of a telescope. In 
fact, it is the remotest heavenly body visible to the naked eye. Its 
mass as estimated by Russell is about 3 billion times the sun’s. 
The weight of this Nebula will therefore be about 6,565 decillion 
tons 1 Its luminosity, says Jeans, is 660 million times the sun’s, 
that is to say, over 2,100 decillion candle-power ! 

(11) Nebulae in the Constellations I lO million h.'^.(Sbapiey) 

of Coma and Virgo J =59 quintiiiion m. 

(1 2) Nebulae in the Constellation I loo million l.y. (Shapiey) 

of Centaurus ) =587'5 quintiiiion m. 

(13) Farthest Distance at which ) 140 million L. Y. = 

Nebulae have been revealed J 522-5 qumtiiimn m. 

Note. — Spiral Nebulae at this vast distance have been discover- 
ed by Hubble, probably the greatest space-sounding expert of 
the day. 

We learn from Russell that the brightest stars in the Magellanic 
Clouds show a brightness (photographic) ranging from about 30,000 
to 50,000 times that of the sun. Jeans mentioRs a star in the 
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Lesser Magellanic Clocd named S Doradus whose average lammo- 
sity IS over 300,000 times and maximum over half a million times 
the luminosity of the sun, so that, at its brightest, its light will 
amount to more than 1 6 decillion candle power 1 S Doradus is 
therefore the most luminous star discovered, next to Procyon B 
Hubble, says Russell, estimates that on the average the Nebulae 
are 15,000 times as bright (photographically) as the separate stars 
that can be seen in them, and that the faintest Nebula gives out 
60 million times, the typical Nebula 600 million, the Andromeda 
N^ula 1 billion and the brightest 6 billion times the sun s Lght I 


Concluding Remarks 

It w ill have been noticed from the foregoing items that the stellar 
Umverse to which we belong is far from bemg the largest system m 
existence In his book, /row Chaos, Shapley endeavours to 

classify tbe various types of material bodies and systems and to 
arrange them m the ascending order of size The book bears tbe 
sub title 'A Survey of Material Systems from Atoms to Galaxies , a 
feat attempted for the first tune m the history of science 

'There is , he says, ‘no avoiding electrons, whose diameters are 
a millionth of a millionth of a millionth of a mile when we measure 
the galactic system, whose diameter is a million million million miles. 
We need to consider the behavioar of tbe individual radiating 
mediamsm consistu^ of one atom, when we analyze the behaviour of 
an individual radiating star , which is bnilt up of countless atoms 

The minutest system is the afom It has been computed that 
the tiniest speck of matter visible through a powerful microscope 
has an actual diameter of 1/lOOOOOtb of au inch and that this speck 
IS built up of more than 125 million atoms! And yet the atom >3 
itself a miniature universe and is a structure made up of smaller 
particles It is composed of electrons — particles charged with n^ 
tive electricity — and protons, the positive charges A little farther 
idea of this remarkable structure may be found interesting The 
diameter and weight of an electron are inconceivably small Some 
thing like 6,350 billion electrons are required to cover a length of 
one inch, or abdut 25,000 particles to approach tbe length of the 
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shortest X-ray waves, or again, 32 million to reach the length of the 
shortest waves of ultra-violet light which themselves measure 
•000005 inch 1 A string of 72 septillion electrons covering a length 
of 16 trillion miles or two-thirds the way to the nearest star, will 
weigh only one grain troy 1 The proton is believed to be much 
smaller than the electron, though it is 1,845 times heavier. The 
hydrogen atom is built up of a single electron and a nucleus which 
consists of a single proton, but in all the other elements the number 
of electrons present ranges from 4 to 200 or more, and the nuclei 
are compact, massive structures in which protons as well as elec- 
trons are present. The protons in these cases outnumber the inner 
electrons, so that, in the result, the nucleus remains a positive 
charge. The outer electrons revolve at a distance around the 
nucleus in circular or elliptical orbits through the attraction exerted 
by the nucleus, as the planets do round the sun, and they fly at 
furious speeds. These are called orbital or planetary electrons, 
and the inner ones packed with the protons are called nuclear 
electrons. The helium atom consists of 4 electrons, 2 nuclear and 
2 orbital, and 4 protons. The mercury atom is built up of 80 orbital 
and 120 nuclear electrons and 200 protons. But the element whose 
atom contains the largest number of protons and orbital electrons 
is uranium, the heaviest of all the elements so far discovered. It 
has 92 orbital electrons. As it is the proton that really gives the 
atom its weight, the atom of uranium necessarily contains a larger 
number of protons than does the mercury atom — very nearly 
238. The electron takes up no more space in the atom than does 
a planet in the solar system. ‘The greater part of the atom is space’, 
remarks the great physicist Sir Oliver Lodge, and by way of illustra- 
tion he adds:- ‘If the void in the atoms composing our bodies were 
done away with and the solid residue pressed together, our dimen- 
sions would be microscopic ’ 1 Atoms vary in size and weight accor- 
ding to the chemical element to which they belong, but the differences 
in size are considerably less marked than the differences in weight. 
About 36 sextillion atoms of hydrogen weigh only one grain troy, 
while only 2-4 sextillion atoms of oxygen are wanted to make up 
this weight. 

After the atomic system follow the molecular s:^stems, crystalloids 
and colloids, under which category fall living organisms inclu- 
43 
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ding the human body A brief idea may be given of the smallness 
of a molecule About 100 million molecules m general, and m 
the case of vmter 55 million, are needed to cover the length of one 
inch A single drop of water contains something like 2 625 septil 
lion of them As Jeans graphically pats \t, if the molecules contain 
ed m a pint of water were placed end to end, they would form a 
chain that could encurcle the earth over 200 million times, and if they 
were scattered over the whole land surface of the globe, there uocld 
be nearly 100 million molecules to every square mch of land 1 

The atomic and molecular systems thus rank lowest of all in the 
size scale of bodies m the universe, if we except the electrons and 
protons into which the atoms are partially or entirely split at the 
centres of the sun and the stars and some of which escape into space 

Next follow the crystals and colloids, and then farther up m the 
scale come the groups of meteorites, and satelhtic systems such as the 
Earth’s Moon and Jupiter s satellites These tn turn are followed 
by planetary structures, wbicb are divided into three classes stats 
with coronae and meteors, the solar system, and stars enveloped in 
nebulae Next in order are the double and mnUiple stars, the 
galactic clusters and globular clusters of stars. Still higher in the 
scale are the galaxies, of which the ‘ local system’, whereof the san 
is a member, the Milky Way and the Magellamc Cloads are 
examples The spiral nebulae are also classed as galaxies A system 
of galaxies IS termed a si/pcr ga/twry The whole group of super 
galaxies, numbering millions, constitutes the metagalaxy, whose 
diameter is estimated at billions of light years 

‘There is evidence , continues Shapley, ‘that a cough uniformity 
in the frequency of galaxies is maintained throi^hout all space with 
in our teach, but our telescopes have not yet struck bottom They 
do not mdicate that we are even approaching the borders of the 
system The metagalaxy roost remain for the present as the vague 
super system — all comprehensive, but incomprehensible ’ 

The metagalactic system, we are remmded, does uot make up 
the entire universe Outside the system are the ‘random stars ’ or 
‘lost planets’, wandering meteors or detached atoms and electrons 
and interstellar gases ‘ The greatest unsolved mysteries of the 
physical world probably he m this realm of unorganized or dimly 
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organized particles and corpuscles that move speedily, and perhaps 
endlessly, through intergaJactic space.’ Shapley suggests the name 
of ‘ Cosmoplasma ’ for this ‘vague substratum ’, -which is the gather- 
ing ocean of the radiant energy of the sun and stars. Are fresh 
masses of stars being formed in this vague region ? Jeans and 
other distinguished scientists hold the vie-w that the energy of the 
universe is running down, the ultimate result of -which is universal 
death. But Shapley thinks rather differently. ‘ Cannot the expended 
radiation’, he asks, “re-form into corpuscles, atoms, molecules, and 
eventually nebulae and stars, replacing fading stars -ndth fresher 
universes ? ’ At the same time he cautiously adds that it is safer to 
ask such questions than attempt to answer them ! 

Dr. James Chadwick, for many years an assistant of the famous 
physicist. Lord Rutherford, at Manchester and now Assistant 
Director of Research in Radio-activity at the Cavendish 
Laboratory, Cambridge, has discovered a new smaller system than 
the atom. It is called the neutron. Its existence had been pre- 
dicted by Lord Rutherford in 1920. A fair amount of literature 
about it has already appeared in the Press. The neutron is descri- 
bed as consisting, like the hydrogen atom, of a proton and an elec- 
tron with this difference that in the latter there is a relatively big 
gap between the two particles so that they are loosely held together, 
while in the former they are closely bound together and carry no 
electric charge, whence the name neutron. And yet in a sense 
the neutron may be regarded as hydrogen in the embryonic stage, for 
if it were possible to draw its particles wide apart from each other, 
the result would be a hydrogen atom. The neutron could well be 
the first stage in the combination of the two ultimate particles in 
the building up of all matter in the universe. The study of the 
neutron by itself is exceedingly difficult. It is possible to keep 
hydrogen under pressure in a vessel, but it has so far been found 
impossible to confine neutrons. They easily slip through glass, 
metal or rubber. Their extraordinarily penetrative power is due 
to the fact that they are of extremely small size and owing to the 
absence of an electric charge in them are not repelled by charged 
atoms which they approach. Their velocity is computed at 
10,000 miles a second. Their range in air is more than a mile, and 
they will pass through great thickness of lead. The effective stop- 
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ping area of a layer of matter is to them considerably smaller than 
to an electron or proton, so that they may be able to force their 
way through the interstices of the atoms of matter much more 
successfully than protons or electrons. The penetrating power of 
neutrons is so high that one writer says that, if a cannon-ball 
could be made of them, it would pierce 75 million miles of armour 1 
The neutron is expected to provide a new and powerful weapon 
in attacking the atom. 



CHAPTER XVIII 

The ‘Giant Cranes’ of the Universe 

The reader will have guessed from the strange heading 
of this chapter that these ‘cranes’ are none but the few 
giant telescopes of the world. It is not out of place 
Siefly to describe here the principle of this instrument so 

essential and invaluable in astronomical study and research, 

and the various stages of its development since its inven- 
tion over three centuries ago. 

The human eye admits just M 
circle whose radius amounts “ Jj^he “tt 

Hve hearing is J throws them on to the 

which Ve power of vision can be increa- 

tympanum. Similarly, P , foUmg on a wide area and 
sed by gathering "through the pupil 

refracting them so “ey penem 

of the eye and “ ®"S„c£ tot the telescope 

called the retina. It is o P, ,, ^ g^. i^^orking telescope 
is built It is d Hemish spectacle. 

ESnntoS toS w orld owes its present knowledge of 

the wonders of modem a^omy^ 

Galileo’s telescope meant a ^ advance was 

in man’s range o^obseiwa constructed a 

made in 1789, when s collected upwards of 

48-inch instrument. ^^ore than 50,000 

400 times as ^aSd eye The next high stage was 

times as much as the nake y Rosse’s 72-inch 

reached with "yea^Vassed, and 1916 saw the in- 

ISSn S a telescope of the reflectir® type with a 
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72-5-5nch mirror in the Dominion of Canada Astrophysi- 
cal Observatory at Victoria, British Columbia. It is opera- 
ted by electricity. Four years later came another great 
advance, for 1920 saw the erection of the giant Hooker in- 
strument with its 100-inch aperture at Mt Wilson Observa- 
tory in California. It weighs 100 tons. Long before this 
time the use of the human eye for observation purposes had 
been dispensed with. The retina can retain light for only a 
fraction of a second, and it was replaced by the photogra- 
phic plate, which can record the whole amount of light 
received for several nights in succession. The Hooker 
instrument not only collects 250,000 times as much light as 
the human eye, but it throws it on to the highly sensitive 
photographic plate. 

In 1929 another large reflector telescope was erected in 
America, the biggest ever made in that country. The 
Perkins Observatory at Delaware, Ohio, where it is instal- 
led, has since July 1931 been thrown open to students at 
the local Wesleyan University, for it was intended by the 
founder of the observatory primarily for the benefit of these 
students. This telescope is the first instrument of its size 
to be dedicated mainly for the use of University students. 
It is said that its 69-inch mirror is free from the slight im- 
perfections that mar to some extent the 100-inch reflector 
at Mt. Wilson and the 72-5-inch telescope at Victoria. It 
is therefore claimed to be as powerful and effective as these 
two giants. 

Canada will shortly have another large reflector teles- 
cope. It is under construction in England and is expected 
to be ready before the end of 1933. In instruments of this 
type a concave mirror is used instead ol a lens, and 
mirror of this new telescope will have a clear aperture of 
74 inches, being fashioned from a disc of glass 76 inches m 
diameter and 12 inches thick. The telescope will be 
in a huge observatory to be built near Richmond Hm, 
Toronto District, which on completion will be presented 
to the University of Toronto, 
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The 100-inch telescope is the largest in the world at 
present, but it will soon be eclipsed by a new one, also of the 
reflector type, to be erected at Pasadena and is expected to 
be ready for u^n the near future. It is described as a 
marvel of engin^ring. This ‘super-telescope’ marks as 
great an advance over the present largest instrument as 
the latter did over Herschel’s. It will gather in four times as 
much light as the 100-inch telescope and will reveal celestial 
objects that are twice as far away as similar objects now 
visible. 

The principal disadvantage of a telescope of the present 
type of reflector has been its sensitiveness to varying tempe- 
ratures. Even a slight change in the surrounding tempe- 
rature will expand or contract the glass, a process which 
gives a distorted picture of the heavenly body under 
observation. It is believed that this difficulty will be solved 
in the super-telescope by the use of a disc of fused quartz 
in place of glass for the great mirror, as the new substance 
can withstand fluctuations in temperature much better. It 
is estimated that this mirror alone will weigh 30 tons ! The 
fused quartz disc is expected to enable astronomers to 
study the sun direct, which has never yet been possible 
with a reflector, and to wrest fresh secrets out of our great 
luminary. As the new telescope will have a light-gathering 
power four times that of the present 100-inch one or a 
million times greater than the naked eye, it is hoped that 
it may at last furnish definite evidence about the fascina- 
ting possibility of human life on any of the other planets. 

Considering the progress made in the construction of 
large telescopes within the last few decades, the time 
is bound to come when instruments bigger than even the 
forthcoming 200-inch giant become an accomplished fact. 
Dr. G. W. Ritchey, the famous American designer and 
builder of large astronomical telescopes, considers that, with 
the accumulated experience and modern engineering skill, it 
ought not to be difficult to build an 8-metre (315-inch) 
super-telescope and that the next stage thereafter ought to 
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be reached m a quarter of a century when the 8 metre giant 
will pass into the second rank with the construction of 
another super telescope, a 24 metre (945mch) giant’* 
We shall then have a titanic ‘ crane ’ able to strain its neck 
and penetrate nearly a billion and a half light years or over 
8 sextillion miles into the vast abysses of space ’ 

It was reported in Popular Mechanics Magazine of June 
1931 that a new high speed lens weighing less than 2 lbs 
had been manufactured by Mr W B Rayton, head of the 
Bausch & Lomb Optical Co , and sent to the California 
Institute of Technology It was originally meant for future 
use on the 200 inch telescope, but the astronomers at 
Mt Wilson gave it a trial on their 100 inch instrument It 
IS said that the lens at once transformed the latter into a 
200 inch instrument for all practical purposes and that 
research work which had to be postponed till tiie mstalla 
twn of the monster telescope was forthwith taken up It is 
claimed that, with the Rayton lens, the power of all large 
telescopes in existence can be doubled at a cost of only a 
few hundred dollars, as against millions required for the 
construction of larger telescopes 


• Detailed infomiation on the subject will be found in an exhaustive 
arbclebyRjtcheymZ.iW«s/rfl/HJn thefamous French weekly of 22nd Febnia^ 
1930 tuider the capticgi A la Recherche des Mondes Inconnus— La Ciance 
Aventure ( * In Quest of Unknown Worlds — The Great Venture ' ) 



CHAPTER XIX 

Outer Space 

In the last chapter have been given brief descriptions 
of the largest telescopes in the world. The monster eyes 
of the ‘ giant crane ’ of 1932 will penetrate into the depths 
of space to a distance of about 300 million light-years, i.e., 
1,763,400,000,000,000,000,000 or in round figures 2 sextillion 
miles. While the 100-inch instrument shows about 2 mil- 
lion Nebulae, the new 200-inch telescope is expected to 
reveal about 14 million more, besides a vast universe of 
faint stars, half a billion or so, which lie outside the range 
of the most powerful instruments in existence. It will 
thus be able to take a census many times wider of the 
countless hosts that populate the farther regions of heaven. 

What may be the physical state of space at these fabu- 
lous distances from the earth ? Some idea of its extent of 
emptiness will be gained from the fact that, according to 
the tabulation of densities in various parts of the Universe 
made by the Eastman Kodak Research Laboratory, the 
atoms even in interstellar space are more than a quintillion 
times scarcer than in ordinary air. And what may be the 
temperatures there ? Even as regards conditions at dis- 
tances vastly smaller in comparison, Jeans says : — 

'a thermometer placed out in interstellar space, far from any 
star, would probably show a temperature of only about 4® above 
Absolute zero, while still lower temperatures must be reached 
out beyond the limits of the galactic system.’ 

Now 4“ above Absolute zero means -269® C.(- 452-2® F. ), 
a point at which no gas known to science can remain in 
its natural state and which is only the tenth of a degree C. 
below the point where helium, the most refractory of 
gases, turns liquid. At such a temperature mercury 
would freeze so hard that a hammer-head could be made 
44 
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of it to drive a nail t Liquid helium is so cold that it boils 
even more furiously than does liquid air or liquid hydrogen 
when dropped on a cake of i(^. If yet lower temperatures 
obtain beyond the limits of the Milky Way, the lowest 
temperature in Outer Space, if not Absolute zero, may 
be at most a degree above it, so that, if the earth's 
atmosphere could be transported to the coldest parts of 
this remote region, it would freeze straight away, not a 
single gas escaping this fate t 

Can so chilling a temperature be produced in the labo- 
ratory ? The answer was supplied in 1926 when the Dutch 
scientist, Dr. W. H. Keesom, Director of the Cyrogemc 
Laboratory at Leyden, solidified helium at -2719® C. 
(-457 4®F.), thus almost reaching the rock bottom of the 
temperature scale and achieving one of the most brilliant 
feats of science. 



CHAPTER XX 

The ‘Vault’ of Space or ‘Roof’ of the Universe 

In the course of an article on ‘Time, Space and Relativity’ 
in Science and Invention of April 1929, Dr. Menzel says that, 
if we describe from a point on the earth a series of circles, 
the radius of the first being 1 centimetre ( 0-3937 inch), and 
the radii of the subsequent circles are doubled each time, 
the 30th circle will be as large as the earth.* ‘ The question 
that enters the mind is,’ he proceeds, ‘ can we keep increa- 
sing the size of such circles indefinitely? According to 
'Euclid, with infinite space, the answer is yes. Einstein, 
however, says no ; the 96th circle would be the last one 
that can be drawn in our universe. Finally, we come to 
the point where no possible measurement can distinguish 
between the arc of one of these huge circles and our ideal 
straight line.' The writer adds that, if we could get into 
a Jules Verne projectile and travel with the speed of light 
in the ‘ straightest line ’ that could possibly be negotiated, 
we should really be moving along this 96th circle ; in other 
words, we should be sweeping out a great circle through 
the universe, ultimately to return to our starting point. 
This is how he opens his explanation of Einstein’s postulate 
that space is 'finite, yet unbounded' and is spherical— 
finite because, like the surface of the earth, space bends back 
on itself and closes up. 

Sir James Jeans remarks that the astronomer of to-day 
regards the universe as a finite, closed space, as finite as 
the surface of the earth, although, of course, it is a space 
which is three-dimensional, having ‘breadth, width and 
height ’, i.e., ‘ a north-south, east-west and height.’ 

• The radius of the 30th circle would amount to ^ 

miles = 3,336 miles, which is a little less than the actual radius of the earth, 
fk., 3,963 miles, * 
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In the course of his presidential address on ‘ The End of 
the World’ at the Annual Meeting of the Mathematical 
Association held early in 1931 at Southampton Row, 
London, Sir Arthur Eddington observed that, if we proceed- 
ed in any direction in space, we would not come to an end 
of space, nor would we continue on to infinity, but, after 
travelling a certain distance, we would find ourselves back 
at our starting point. ‘ We have recently learnt he said, 
‘ mainly through the work of Professor Lemaitre that this 
spherical space is increasing rather rapidly. In fact, if we 
wish to travel round the world and get back to our starting 
point, we shall have to move faster than light, because 
while we are loitering on the way, the track ahead of us is 
lengthening. It is trying to run a race in which the finish- 
ing tape is moving ahead 

. . . . From the astronomical data it appears that 

the original radius of space was 1,200 million light-years. 
At that radius, the mutual attraction of matter in the world 
was just sufficient to hold it together and check the tenden- 
cy to expand, but this equilibrium was unstable. An ex- 
pansion began, slow at first, but the more widely the matter 
was scattered, the less able was the mutual gravitation to 
check the expansion. We do not know the radius of space 
to-day, but I should estimate that it is not less than 10 times 
the original radius.’ Obviously the term ‘world’ as 
used here means the whole universe. 

Eddington, it is of course understood, gives even this 
minimum value as the radius of space as the result of cal- 
culations based on such data as are available. The famous 
Belgian mathematician, Abbd G. Lemaitre, suggests, on the 
basis of ‘ such rough available data as seem at present 
plausible ’ regarding the average density of matter in the 
universe and also the rate at which space is expanding, 
that the present radius of spa<» is about 18 billion light- 
years. 

In his famous book, The Universe Around Us, Sir James 
Jeans, in the coflrse of his remarks on this subject, says 
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‘ From the known weights of these ( extra-galactic nebulae ) , 
Hubble estimates that the mean density of matter in space must 
be about l-S X 10“^^ times that of water. On the assumption that 
matter is distributed with this density through the whole 
of space, including those parts which our telescopes have not yet 
penetrated, we can calculate quite definitely that the radius 
of space is 84,000 million light years, or 600 times the distance 
of the farthest visible nebulae. The journey round space 
would take 500,000 million light years. ’ 

Modern astronomers consider that the centre of the 
universe lies very far away from the earth, and at a dis- 
tance which may be calculated in scores of thousands, 
perhaps hundreds of thousands, of light-years. But this 
distance, however vast it may appear by itself, is, compared 
with the probable radius of space, so infinitesimal that, 
where vast mathematical calculations are concerned, it may 
be ignored and the earth treated as the actual central hub 
of the whole universe. 

At a lecture on the ‘ Inter-action of Life and Matter 
Sir Oliver Lodge, after discussing the three stages of 
matter— solid, liquid and gas, spoke of the even greater 
importance of space. Ether or space, he said, was believed 
by some to be substantial, but he expected that it would be 
found eventually that matter was composed of it. ‘The 
universe is no longer regarded ’, he explained, ' as particles 
of matter interrupted by space, but as space interrupted by 
particles of matter.’ Jeans remarks, as already stated, 
that the astronomer of to-day regards the universe as a 
finite closed space. From these remarks it is clear that 
leading scientists consider that space and the universe are 
co-extensive and coterminous. 

Now three different estimates are put forward, two of 
them tentatively and one as the minimum, by three autho- 
rities of world-v/ide distinction, as the radius of space to- 
day. While it is difficult to accept any one of these three 
values in preference to either of the other two, Eddington’s 
minimum estimate may be accepted for the time being, 
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as it IS the latest to be put forward by a world scientist 
On this basis we find that the Radius of Space, or the 
Height above Earth of the * Vault ’ of Space or ‘ Roof ’ of 
the Universe, is at the present day at least 12 bilhon light 
years or about 70 sextillion miles 

‘ Certainly, if this is “finitude"/ remarks a wnter com 
menting upon one estimate of the radius of space, ‘it is a 
kind of finitude which bludgeons the mind into stupefaction ’ 
It will thus be noticed that the whole solar system 
which includes the earth, is only a tmy island group m this 
vast ocean of space 

Now this estimated rough height above earth of the 
* Roof ’ of the Universe would be a fixed quantity, only if 
space remained constant But we are told that space 
appears to be expanding According to Lemaitre, it 
appears to be expanding at the rate of about I per cent in 
ever^ 20 million years, so that it doubles Jts diameter every 
1,400 million years Jeans too accepts the theory of space 
expansion Eddington tells us that not only does space go 
on expanding in geometrical progression, but it is expand 
mg rather faster than light can travel ‘ Can this expan 
Sion go on indefinitely, ’ asks I-emaitre, ‘ or like a soap 
bubble, must space eventually burst ^ ' 

About the ultimate fate of the universe Jeans has a 
remarkable theory — 

‘Sooner or later the time mast come when the last erg of 
energy of the universe has reached the lowest rung on the ladder 
of descending availability, and at this moment the active life of 
the universe must cease The energy is still there, but it has 
lost all capacity for change, it is as little able to work the 
universe as the water m a flat pond is able to turn a water wheel. 
We are left with a dead, although possibly a warm, universe— a 
“ heat death Such is the teaching of modern tiiermodynamics 


* The final state of the nmveise will be attained when every 
atom which is capable of aumhilation has been annihilated, and 
its energy transformed into heat energy wandering for ever roun4 
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Space, and when all the weight of any kind whatever which 
is capable of being transformed into radiation has been so 
transformed/ 

At his Rede lecture at Cambridge delivered since' the 
publication of his book, Jeans drew attention to the general 
physical principle known as the Second Law of Thermody- 
namics, which predicted that there would be but one end 
to the universe— a ‘heat-death’, in which the total energy 
of the universe was uniformly distributed and all the sub- 
stance of the universe was at the same temperature. This 
temperature would be so low as to make life impossible and 
the consequence would be universal death. 

But while so much is being said about the end of the 
universe, the question may be asked what its present age 
may be. Even this subject has not escaped the attention 
of modern cosmologists. Calculating from the present 
weights of the sun and stars and the rates at which they 
have been losing mass, L e., annihilating their atoms, and 
travelling backward to very remote times long before the 
birth of our planet, an estimate of from 5 to 10 trillion 
years has been formed as the probable age of the stars in 
general. But before the birth of the stars their atoms might 
have previously existed in the Nebulae for a like or possi- 
bly longer period. From the fairly accurate weights avail- 
able of two extra-galactic Nebulae one of whichisthe Andro- 
meda Nebula, it is calculated by Jeans that the atoms in 
this latter body must have an average life-period of 80 tril- 
lion years and those in the other Nebula, N. G. C. 4594, 
which has the weight of 2 billion suns and the lumino- 
sity of 260 million suns, a life-period of 115 trillion years. 
From these two cases he thinks that the average life of the ' 
atoms in such Nebulae, that is, their period of existence 
since birth up to the time of annihilation, must be some- 
where around 100 trillion years. Jeans admits, however, 
that this calculation cannot be claimed to be either very 
convincing or very accurate, but adds that *it furnishes the 
only evidence available at present as to the probable life- 
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of matter m the nebular state The rest of the argument 
will be best given in his own words — 

* Apart from detailed figares, fciwever, it is cleat that vje qu 
not go backward m time for ever Each step back m time 
involves an increase m the total weight of the matter of 
the universe, and just as with individual stars, ws cannot go so 
far back that this total weight becomes infinite Indeed a limit 
may quite possibly be set by considerations which we have 
already mentioned The complete annihilation of all the matter 
now in the universe wonld nu3-» the temperature of the earth s 
surface by the sixth part of a degree , the annihilation of 
a million times as much matter would raise it by 160® We can 
not admit that as much radiation as this can b* wandering about 
space The earth s temperature is determined by the amount of 
radiation it receives from the sun, it odjnsts its temperature so 
that it radiates away just as much energy as it receives A small 
correction is required on account of the earth s own radio activity, 
but this need not bother us What would bother us, and would 
indeed upset the balance entirely, would be the radiation of a 
million dead umverses if this were for ever streaming on to os 
outtd space , in this event the earth s surface would have to rise 
to a temperature well above that of boding water before it could 
restore the balance between the radiation it received and 
that emitted In a word, the radiation of a million dead universes 
•would boil out seas, rivers and ourselves All this makes 
it clear that the present matter of the universe cannot have 
existed for ever , indeed we can probably assign an upper lisut 
to its age of, say, some such round number as 200 million million 
years 

Against this estimate of 200 trillion years as the upper 
limit oi the age of the universe, Dr Ernst 3 Opih TtiiVi 
University Observatory, Estonia, at a recent lecture in astro- 
physics at Harvard, USA, announced his estimate to be 
not much more than 3 billion years This value represents 
the maximum age of the earth itself as estimated by 
Jeffreys, who fixes its minimum age at 1,300 million years 
But according to many scientists whose estimate is den 
ved from the radio active content of the oldest rocks, tbe 
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earth’s age is of the order of 1,600 million years, and this 
estimate has recently been confirmed by a Committee of 
the National Research Council of America. This new 
estimate leaves a balance of only about 1,400 million years 
for the birth and evolution of the sun and the stellar and 
nebular systems of the universe— rather too small a period 
if these systems have evolved as slowly as we are led to 
believe by cosmologists. Opik bases his conclusions on 
analyses of the helium and radium content of meteorites 
made by Professor Fritz Paneth of the University of Ko- 
nigsberg in Germany, who obtained values ranging from 
100 million to nearly a billion years. Opik finds evidence 
in support of Paneth’s conclusions in the double stars. 
From a study of their distances and magnitudes Opik is 
convinced that these bodies have not shrunk much in the 
lapse of time, which shows that, relatively speaking, the 
universe must still be in its infancy. 
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CHAPTER XXI 

Space and the Universe ■ Sir Arthur Eddington’s Views 

As a matter of interest, may be quoted here some of the 
Views expressed by Eddington on the subject of Space and 
the Universe A little repetition will be necessary for a 
proper understanding of his views 

Eddington says that, from the astronomical data, it 
appears that the original radius of space was 1,200 million 
light years He proceeds — 

* At that radios the matual attraction of matter m the world 
iTas jast sufficient to hold it together and check the tendency to 
expand, bnt this equilibrium was unstable An expansion 
slow at first, but the more widely the matter was scattered, the 
less able was -the mutual gravitation to check the expansion 


* We have found it possible to discover a kind of sign post for 
{Tunejmithe physical world. It is provided by a certain measu 
rable-^fiahtity called entropy, which we may conveniently des 
cribe as the measure of disorganization of a system Accordingly, 
our sign post for Time resolves itself into the law that disorgani 
zation increases from past to future The test works 
consistently It is possible for the disorganization of a system 
to become complete The state then reached is called thermo- 
dynamic equilibrium 

' But to return to our sign post. Ahead there is ever lucrea 
sing disorgamzation We iwtice one strange fact that, although 
the sum total of organization is diminishing, certain parts of the 
universe are exhibiting a new and more highly specialized 
organization That is a phenomenon of evolution But 
ultimately this must be swallowed op in the advancing tide of 
chance and chaos, and the 'whole nmverse will reach a state of 
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complete disorganization— a uniform, featureless mass in thermo- 
dynamic equilibrium. This is the End of the World. 

‘ Time will extend on and on, presumably to infinity. But 
there will be no definable sense in which it can be said to go on. 
Consciousness will obviously have disappeared from the physical 
world before thermodynamic equilibrium is reached. 

'It is more interesting to look in the opposite direction — 
towards the past. Following Time backwards, we find more 
and more organization in the world. Surveying our surroundings, 
we find them to be far from a “ fortuitous concourse of atoms ”. 
The picture of the world, as drawn in existing physical theories, 
shows arrangement of the individual elements for which the odds 
are multillions to one against an origin by chance. Some people 
would like to call this non-random feature of the world Purpose 
or Design. I hardly go so far as that : I will call it non-commit- 
tally anti-chance. ’ 

In conclusion, adds the famous astronomer 

‘ It used to be thought that at the end of the world all the 
matter of the universe would collect into one dense ball at 
uniform temperature ; but the doctrine of spherical space, and 
more especially the recent results as to the expansion of the 
universe, have changed that. There are one or two unsettled 
points which prevent a definite conclusion, so I wifi content my- 
self with stating one of several possibilities- 

‘ It is widely thought that matter slowly changes into radiation. 
If so, it would seem that the universe will ultimately become a 
ball of radiation growing ever larger, the radiation becoming 
thinner and passing into larger and longer wave-lengths. 

‘ About every 1,500 million years it will double its radius, 
and its size will go on expanding in this way in geometrical 
progression for ever. ’ 

From the lines quoted at the head of Chapter XVI it 
might be inferred that the scientists of Bjron’s or earlier 
times anticipated present-day men of science in declaring 
that the universe goes on expanding for ever ! ^ But the 
great poet uses the term expatision in the sense of ‘expanse’ 
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or ‘ immensity’, so that a ‘universe of endless expansion’ 
should be understood to mean a universe without 
finitude or limits. 

In another address deliver^ in November 1931 to the 
Physical Society at the Imperial College of Science and 
Technology in London, Eddington gave a further notion 
of the latest ideas of an expanding universe. He said that 
the most striking thing was that more than 80 galaxies had 
been observed to be receding from us, moving outwards, 
and not one had been found coming in to fill the voids. 
‘It is an obvious inference’, he proceeds, ‘that in the 
course of time the region will be evacuated. The nebulae 
will all be out of reach of our telescopes unless we 
increase our telescopic power to keep pace. I find 
that an observer of nebulae will have to double the 
aperture of his telescope every 1,300 million years merely 
to keep up with their recession. Sir James Jeans delights 
in telling us that we have billions of years before us in 
which to find out all that can be found out about the 
universe. I suggest, however, that there is urgency as 
regards the spiral nebulae. If we leave it too late, there 
will be none left to examine.’ He thinks there is little 
doubt that these recessions are due to the cosmical ex- 
pansion. ' The circumference of the world is expanding,’ 
he goes on to explain, ‘ and light is like a runner on an 
expanding track with the winning-post receding faster than 
he can run. In the early days light and other radiation 
went round and round the world until it was absorbed. 
This merry-go-round lasted during the very early stages 
of expansion. But when the world had expanded to 1,003 
times its original radius, the bell rang for the last lap. 
Light waves then running will make just one more circuit. 
Those which started later will never get round. Some- 
what later the last half-lap was announced. From that 
moment onwards it has b^me impossible for light to 
travel half-way round. So that corresponding to any star, 
there is a region of the univeree which its present radia- 
tion will never riach. And if light cannot reach, no other 
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casual influence can, for no signal can travel faster than 
light.’ 

To make his description still more clear, Eddington 
compares the universe to an expanding toy balloon, in 
which he pictures the galaxies of stars as embedded in its 
inner surface, and as the balloon expands, the stars recede 
from one another and from the terrestrial globe 

Many other astronomers have apparently accepted 
the conclusion that the spiral nebulae in the depths of space 
are receding from us. Their velocities of recession are 
estimated at from a little less than 1,000 miles to 15,000 
miles per second. These velocities for bodies in the uni- 
verse are certainly very great, for the speed of the earth, 
for instance, in its revolution round the sun, is only about 
18 miles a second. 



CHAPTER XXII 

The Weight of the Universe 

As stated m Chapter XX, we have accepted for the 
present Eddington’s minimum estimate as to the radius of 
space, i e, 12 billion light years or 70 sextillion miles 

As we are regarding space and the universe as co exten 
sive and coterminous, we find that the volume of the um 
verse amounts to 

J X *-r (70 sextillion)" = 4312 x 10“ cubic miles 1 

We have given m their proper places the probable 
weights of the Earth, its Crust, its Cilentral Core, its Water 
and Its own and the outer Atmosphere, the weights of the 
Moon, the Sun, the Planets, Asteroids and Comets, and 
those of a few Stars and Nebulae It now remains to ascer 
tain whether it is at all possible to arnve, however roughly, 
at the probable weight of the tpAo^e Universe Looking to 
the fact that the earth, the atmosphere and all the heavenly 
bodies and objects occupy an almost negligible total area 
in the vast ocean of space, the rest of this entity must be 
composed of matter of extreme tenuity The average 
density of the material of the universe must consequently 
be ‘multillions’ of times lower than the density of air at 
sea level. 

In Chapter XX have been quoted Jeans’s following 
remarks — 

*From ths known we^hts of these (extra galactic nebulae), 
Hubble estimated that the mean density of matter m space most 
be about 1 5 x 10~^’ times that of water. On the assumption that 
matter is distributed with this density through the whole of space, 
mcludmg those parts which our telescopes have not yet penetra 
ted, we can ^Iculate qtute defimtely that the radius of spaa 
IS 84,000 million light years * 



WEIGHT OF THE O.MVERSE 


359 


The Right Rev. Dr. E. W. Barnes, Bishop of Birmingham, 
a mathematician-astronomer of a high order,* in the course 
of a lecture earh- in 1931 to the Science Masters' Assoda- 
tion at Birmingham University, remarked as follows;— ‘If we 
could determine the density of matter in the universe, and 
also the rate at which it is expanding, we could discover its 
size. With such rough available data as seem at present 
plausible, Lemaitre has suggested that the radius of the 
unrrerse is about 18 billion light years.’ This remark shows 
that the density of the material of the universe is stiU a 
subject of intelligent mathematical speculation. 

As already stated, we have adopted Eddington’s mini- 
mum estimate for the radius of space, which is one-seventh 
of that worked out by Jeans. But it is not possible to know 
whether the former agrees with Hubble’s estimate of the 
density of matter in space. Until, therefore, a fresh %’alue 
is announced acceptable more widely to leading sdentists, 
we may consider that Hubble’s estimate holds the field and 
accept it, espedally as so great an authoritj* as Jeans tenta- 
tively adopts it The density of the universe in terms of 
that of the earth ( which is 5-5 times that of water) will thus 
be 1-5 X 10-'^ X !§.. Now, adopting this density and the 
volume of the universe as arrived at already, and knowing 
the volume and weight of the earth (260 billion cubic miles 
and 6-593 sestillion tons respectively), we find that the 
Wdght of the Universe amounts to 
<1312 X 10'^ 

^ ;^Q, X 1-5 X ICHixli X 6-593 x 10=‘ = in round 

figures, 3,OOO.OOD,COO,0-00,COO,C03,OX),OOO.OOD.O'n.caD.CM.C03.QOO.OJ3,ODO 

or 3 quadrillion dcdllion ions! 

It must not be forgotten however that there is yet no 
general agreement among sdentists as regards the radius 

' Dr. Barfies is a uaique esaiapls of a divine who is as much at home 
with the spectroscope and telescope as with his pastoral stan. ^lav many 
tnore personages like htm come into control of cur churches, syn— gogues, 
taosques, pagodas, temples and ilihffe the world over, for then the ireqaen. 
tendency nowadays to bring saence and religion into conflict may soon 
l>ecome a thing of the past. 
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ordensityof the universe, as the data for calculations are 
still in the infant stage. So the weight of the universe as 
worked out here must be understood to be an extremely 
rough estimate which will be subject to revision from time 
to time jn the light of further research 

With the last stages m these ‘ geodetic ’ measurements 
of the Umverse, the great pilgnmage ends A knowing, 
jolly critic may remark — 

* You remind me of the person of whom De Qumcey said “He 
bad a smattering of mechanics, of physiology, geolc^, 
mineralogy, and all other ologies whatever." Bnt yon have 
left out many essentials in your wild attempt to deal with 
topics ranging from the ancient literature of the Aztecs to the 
geometrical properties of a rhombicosidodecahedroo Have 
you told ns, for example, what may be the physical conditions 
at your so called vault of space ? Is it lighted by any gigantic 
lighthouses like those you have described ? Or do these luminous 
worlds end too far below, so that this higher region is shrouded in 
perpetual Cimmerian darkness for tnlhons and triUions of miles } 
Would the temperature there be absolute zero ? Would the 
maxim that Nature abhors a vacnum be falsified and a perfect 
vacuum reign there ? Would man, could he go so fat up, keep 
flying about there somewhat like Japhet in search of a father, 
for eternity, free from the gravitational attraction of any 
heavenly body? 

‘ You evidently accept with enthusiasm the mathematician's 
theory that Space bends back on itself and closes up as the 
earth’s surface does, and is therefore finite, though unbounded 
As for me, I frankly disagree. On my side is no less an autho 
liiy than Pascal, who says that the universe is an infinite 
sphere, the centre of which is everywhere and the circuinfereDce 
nowhere You may remember Emerson’s remark that, if the 
East loves infinity, the West delights in boundaries Einstem 
loves finitude and delights in boundlessness I Emerson himself, 
had he been aliv e, w ould have been at his wits’ end where to place 
him— East or West. Anoth^ great mathematician to morrow 
may descend ffom his dizzy albtudes of thought with the theory, 
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wiiich no inown lavr of sdanca may ba abls to controvert, 
tiiat T/we also bands 6 jcc on itself and doses up and is ransa- 
qnently finite, yet unlimited, and is sbhcrical ; tnat it rotates 
about an axis; and vrhat thatbebas put it ou tba scales 

and tbs reading is a split grain troy ! I would bowever accent, 
in a fairly large measure but only in a metapborical sense, such 
a theory for Time, for the term “Old Father Tims” is drilled 
into my brain, and it is highly probable that 

“ Bowed by the weight of centuries he leans 
Upon his hoe and gazes on the ground. 

The empticess of ages in his face. 

And on his back the burden of the world. ” 

To put it brieSy in the mathematician’s arid prose more bald 
than the head of Famsr Time, the Old Father bends .ronrsTif on 
himself under the weight of years and the load of the universe, 
thongh you will agree that he is cot suSdsntiy bent to look 
anything like spherical. I would even concede that Father 
Time is supple-bodied and also fat and beads beck on him- 
self instead of forward, until in the far, far future he closes up 
and becomes perfectly rotund, showing his face and forelock 
between his feet ! The lofrier the heights scientists reach, the 
greater becomes the freqnency and the stranger the nature of 
theories. A fantastic theory was announced a few years ago 
abont radiant energy — light and heat, and in that connection we 
are told by Jeans that the radiation emitted by a 50 horse-power 
searchlight working without break for a century will weigh about 
the twentieth of an ounce ! So I shall not be surprised if men 
who have weighed protons and electrons and would have us 
believe that even light and heat are cot quite imponderable, 
men who have weighed wireless waves and X-rays, turn their 
attentioa to Time next and announce, among other theories, that 
Time too has weight and weighs in troy grains, say, the square 
root of itiiniis one! 

'You seem to ^brnk that Jeans is England’s Newton of to-day. 
There probably yon are right, for his is a mind which has of late 
been, as Wordsworth said of Newton’s, voyaging through strange 
seas of thought, alone.” The great physidst-mathematidan-astro- 
nomer delights in telling us— and you may be bliie vieg it— that the 
46 
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Creator of the Universe is a Pore Mathematician I For my part 
I can’t deliver myself bound hand and foot into the hands of 
the mathematician, the physicist or the astronomer, the biologist 
or the geologist. You seem to have done so more as an ardent 
cario-hunter in this vast museum of the Universe. 

* Let me now conclude my questions. Metaphors apart, if space 
and the universe are finite and coterminous, what lies beyond } 
What may space itself be floating in? Can there be any medium 
wherein it lives and moves and has its being? And if so, Tibai 
medium can it be that supports this super-titanic load of the 
universe ? ’ 

Were the addressee to attempt to deal with questions 
of this character, he is afraid he would, toadaptaremaik 
which a certain writer makes on the pursuit of metaphy- 
sics, be in the position of a blind man hunting in a dark 
room for a black cat which is not there t 



CHAPTER XXIII 

Astronomy in Asia up to the 18th Century 

There is abundant evidence to show that the Hindus 
had attained proficiency in astronomy as far back as 3100 
B. C. It was Mons. Bailly, the famous French astronomer, 
who first drew the attention of Europe not only to this 
hoary antiquity of Hindu astronomy, but also to the 
marvellous achievements of the ancient Hindus in this 
branch of science. In his remarkable work, Hisioire de 
I' Astronomic Ancienne, published over 150 years ago, he 
says 

' The Indians state that the world lasts for a period of four 
ages [yugas). The first age lasted 1,728,000 years, the second 
1,296,000, the third 864,000, and the fourth or last, which is at 
the same time bound up with their astronomical epoch, has run 
4,863 years in 1762 A, D.’ — the date, probably, of the first edi- 
tion of the book. ‘ The small number of years ascribed to the 
fourth age, in comparison with the vast period of duration of the 
first three, shows that the latter are fabulous or rather made up 
of years calculated on a basis very different from ours. But at 
the same time it is clear that the period of this last age is presen- 
ted in solar years and based on a true historical epoch, which 
commenced in 3101 (B. C.). As, therefore, it is from this date 
that they (Indians) begin to calculate the movements of the sun, 
the moon and the stars, in longitude, it follows that that is also 
the date of their astronomy. ’ 

But as human knowledge advances only step by step, 
the beginnings of this scientific culture among the Hindus 
must be traced still farther back, to several centuries an- 
terior to this date. 

The astronomical learning of the ancient Hindus has 
been acknowledged and admired by such eminent Western 
scholars as Count Bjornstjerna,Elphinstone,'*Weber, Wilson 
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and Hunter. It is indeed a wonder how in those bygone 
days the Hindus were able to pursue astronomical research 
without the aid of so valuable an instrument as the modem 
telescope. 

We leam from Bailly that the Indian Tables of Solar 
Eclipses were sent by a French missionary of the Carnatic 
(Southern India) to France, where the astronomical obser- 
vations recorded in them were carefully examined and 
found correct by French astronomers of the time. It was 
the Hindus too who for the first time applied to astronomy 
the principles of geometry and algebra, which two branches 
of mathematics were, in the opinion of so renowned a 
scholar as Sir Monier Williams, invented by the Hindus 
themselves. This can well be believed, as mathematics is 
the bed-rock of astronomy and Hindu astronomy has been 
admitted to be the oldest in the world. 

To explain in detail or at any length the achievements of 
the Hindus in this science would take a whole volume. 
The earth’s self-support in space, its rotundity, the length 
of its diameter, the equator, the earth’s rotation on an axis, 
its gravitational force, the moon’s rotation on an axis, its 
distance from the earth, the precession of the equinoxes, the 
lengths of the orbits of the planets, their mean motions, 
the calculations of eclipses, the sun’s illumination of the 
planets, its gravitational force, the zodiac, constellations, 
stars of different magnitudes, the division of the ecliptic 
into lunar mansions, the split second in time measure, all 
these are included or dealt with in their system. 

In the Concluding Remarks under the Stratosphere 
have been mentioned the nam^ of some of the illustrious 
Hindu astronomers who flourished up to the 12th century 
A.D. The last of this galaxy was BhaskarachSrya. Long 
after him came the famous Rajput Prince, Jai Singh II of 
Jaipur, an ardent and persevering astronomer, who lived 
only about two centuries ago. He caused several works on 
mathematics to be translated into Sanskrit, and built astro 
pomical observatories at Jaipur, Muttra, Delhi, Benares and 
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Ujjain, which were equipped with instruments consisting 
of dials, azimuth circles, altitude pillars etc. Those in the 
Jaipur observatory, which are of a huge size, were put in 
order under the supervision of the Government of India in 
the first decade of the present century, probably during the 
regime of Lord Curzon. The Jantar Mantar of Delhi, an 
object of particular interest and curiosity to foreign tourists, 
must be familiar to those who have visited that city. It 
is typical of the few observatories in India erected prior to 
the advent of British rule. It was constructed in 1724 but 
was never completed owing to the death of its designer and 
the disturbed state of the Moghul Empire at the time. Even 
the portion that was finished was in later years seriously 
injured by the Jats and others, but Western scholars express 
the opim'on that the remnants of the observatory which 
still stand reveal considerable astronomical skill on the 
part of its distinguished projector. Raja Jai Singh became 
so proficient an astronomer that he succeeded in correcting 
the Tables of the French astronomer De La Hire published 
in 1702. His researches culminated in the cataloguing of 
the various stars which he studied. 

In Arabia the study of astronomy'is similarly of a very 
ancient date. It is stated that the Almagest, a collection 
of astronomical observations and theories of the ancients 
drawn up by Ptolemy of Alexandria, which was regarded 
by the Arabs as the greatest and most complete work on 
this subject, was translated into Arabic by order of the 
Caliph Haroun-al-Rashid of Baghdad about 800 A.D. 29 
years later, the Caliph Al-Mamun built a splendid obser- 
vatory at Baghdad, which enabled Arab scholars to pursue 
their studies in astronomy. Distinguished Western scholars 
like Professor Weber and Sir William Hunter state that the 
Arabs became the disciples of the Hindus in the 8th century 
A.D. in the cultivation of this science. We are told that 
the Arabs borrowed from the latter the lunar mansions 
in their new order and translated in part, into their own 
language, Sanskrit treatises like the Siddhantas with the 
assistance of Hindu astronomers invited •by the Caliphs of 
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Baghdad to their courts In the 13lh century Ulugh Khan 
{died 1265 A D ) founded an observatory at Maraga m Persia 
and equipped it with a mural quadrant 24 feet in diameter, 
along with altitude and azimuth instruments About 1420* 
Ulugh Beg, a grandson of Tamerlane and the most famous 
of Tartar astronomers, established a grand observatory at 
Samarkand, in which he studied afresh all the stars dealt 
with m Ptolemy’s book He subsequently published a book 
of Astronomical Tables which held the field for two 
centuries 

It IS well known that m olden times, besides commercial 
relations, there was close cultural contact between the 
Hindus and the Arabs The fact that the Arabs became 
highly proficient m such difficult branches of science as 
mathematics and astronomy is a tribute to their great in 
tellectual advancement m those days Indeed, through the 
proficiency they attained in these fields of knowledge, they 
built up a fine system of nautical science 

As IS well known, the term Algebra is Arabic m its 
ongin Similarly, there are a number of stars beanng 
Arabic names which have been permanently adopted in 
modern astronomy, vtz, Achemar, Aldebaran, Algenib, 
Algol, Alphecca, Alpheratz, Altair, Betelgeuse, Deneb, 
Denetela, Fomalhaut, Markab, Merak, Mizar, Rasalgeti, 
Rigel, Vdga etc The meanings of some of these names 
are given below 

Achemar, also vreitten as Acarnat or Akharoar, which sUcds 
for Akhtr-amahr*=ntxemity ol the nver, Atinahr, the river, 
being the Arabic name of the Constellation, Endanns This 
has tiie. •si a. vivndwig Ecidanna 

being the ancient name of the Italian nver Po 

Aldebaran — Al« the, debaran«= coming behind or following , so 
called, it is said, because it comes bebmd the remariable group 
of Pleiades 

Afgertih— means the i^erve horse which is sometimes taken 
by a horseman ftfr use when the beast he is riding becomes 
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fatigned. This star, it will be remembered, is in the Square of 
Pegasus, the 'Winged Horse’. 

AlSoJ ^Al-ghul«=the ghoul or sylvan demon, namely, Medusa. 
Aledusa’s Head is the name of a cluster of stars in the Constella- 
tion of Perseus, which contains the bright star Algol. 

Alphcrais — in Constellation Andromeda, which is between the 
Constellations Perseus and Pegasus. Al=the, Faras = the horse. 

Altair or Alpha Aquilae in Constellation Aquila or Eagle. This 
constellation is called in Arabic Naar-c-Tair •= the flying eagle, 
because its head is turned upward as if it is flying up. 

Beielgeusc is a French name derived from the Arabic 
Ibt-al-Jaitza', /6/c=arm-pit, ffZ=the,Jni( 2 fl:= Constellation Orion. 

Dcncb — Zauah = the tail ; the tail of the Dragon. Though 
belon^ng to the Constellation Cygnus or Swan, this star lies at 
the tail-end of the Constellation Draco or Dragon. 

Dciichola — Zauab-al-Asad •= Tail of the Lion, the star 
being in the tail of the Constellation Leo. 

Fomalhaut — Fom-al-liut •= mouth of the large fish. Fon*, 
mouth, and hut == a large fish. So called as this star lies 
in the mouth of Piscis Australis or Southern Fish. 

Marhab or Alpha Pegasi — means the saddle-place. This 
star is at the back of Alpheratz. 

Rigel — Rijil «= a person’s foot, so called as this star is in 
the left foot of the Constellation Orion. 

Yega in Constellation Lyra — Wagi’ = falling. It is near the 
Constellation Naar or Aquila, Eagle. The star has its head 
turned towards the earth as if it is alighting on it, hence it is 
called Raar-e-WagV «= falling eagle. 

Astronomy occupied a prominent place in the cultural 
pursuits of the Chinese in ancient times. In fact, in China 
its advancement has for centuries been considered to be 
essential for efficient government. The date of the Chinese 
calendar goes back to very remote times, but it fell into 
confusion after some centuries, until the Emperor Hoang- 
Ti, with a view to correcting and brining it up to date. 
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had an observatory built in 2608 B.C. Hoang-Ti appointed 
three committees of astronomers and entrusted them with 
observations of the sun, the moon and the stars respective- 
ly. He also instituted a Mathematical Tribunal to encou- 
rage the study of astronomy and to forecast eclipses. Astro- 
nomy flourished among the Chinese for a period of nearly 
25 centuries extending from the reign of the Emperor 
Fou-Hi (2857 B.C.) to about 480 B.C. In Chinese litera- 
ture are found accounts of the fall of meteors from the 
sky, running 26 centuries back; and one of the earliest 
recorded falls of a meteorite took place about 644 B.C. 

The Chinese have recorded the fall of single brilliant 
fireballs as well as of showers of shooting stars. Professor 
F. R. Moulton of Chicago University says that they 
claim to have records of observations of sunspots made 
centuries before they were discovered by Galileo. 

After 480 B.C. the tide turned and the science fell into 
neglect among the Chinese. In the days of the Caliphs of 
Baghdad, several Mahomedan astronomers migrated to 
China, where they introduced the astronomical knowledge 
and methods of the Arabs. 



CHAPTER XXn* 

Hindu Cosmogony and Cosmography 

We propose to conclude vrith a brief exposition of some 
of the cosmological and cosmographical notions of the 
ancient Hindus. 

‘All religious theories, schemes and S5-5tems remarks 
the great scientist Tjmdall, ‘vrhich embrace notions of 
cosmogony, or which otherwise reach into its domain, must, 
in so far as they do this, submit to the control of sdence, 
and relinquish all thought of controlling it’ Were the 
searchhght of modem sdence directed on ail the theories 
of creation propounded in the sacred books of the various 
religions of the world, we wonder how many of them would 
survive this rigorous test ! It will not be too much to say 
that some of these theories, possibly many, must have been 
based on such rough data as the extent of sdentific know- 
ledge of the times could make available. The older a reli- 
gion, the more dificult it become to interpret it in the light 
of modem sdence. Especially is this the case with the andent 
Hindu theories of creation. It is diScult to imagine how a 
correct exposition of theories propounded by word of mouth 
only, as in the case of the Vedas, about 5000 B.C., could be 
presented by commentators of dozens of centuries later. 
The only basis for arriving at a correct interpretation of all 
that was said in the Rig-Veda, for example, is the commen- 
tary of SSyana, who lived in the 14th century A.D. And 
he wrote it at a time when, owing to the lapse of some 
thousands of years, the andent notions and conditions of 
the Vedic age had probably ceased to exisL 

The term ‘ Brahmanda’ is defined in the sacred works of 
the Hindus as the primordial egg from which the universe 
sprang, or as ihe urdverse iiself. According to MantisniriU 
{ date about 200 B.C.), wbicb gives an accdbnt of creation 
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based on a Rig V^dic hymn on the subject, the universe 
was, in the beginning, enveloped in darkness The self 
existent Lord, desinng to produce beings of many kinds 
from His own body, manifested Himself and dispelled the 
gloom He first created the waters and deposited in them 
His seed, which became a golden egg having the brilliance 
of the sun He himself took birth in that egg as Brahma 
(hence called Htranyagarbhd), the Progenitor of all the 
worlds Then the Divme One, who dwelt m the egg, divided 
it into two parts, from which He constructed heaven and 
earth He then created the ten Prajapatis or mind bom 
sons, who completed the work of creation 

It may be noted that the name ‘Brahmanda' as applied 
to the universe attributes to it an ellipsoidal form Such a 
shape for the universe would not only imply finitude for 
space, but would resemble the spherical form which Einstein 
assigns to space, m one important particular, that the 
ellipse and the circle are both closed curves But there are 
no data to substantiate the supposition that our ancients 
considered that the shape of the universe was similar to 
that of the egg out of which they believed it was formed 
After the astronomical knowledge of the Hindus reached a 
high stage, the universe came to be also called ‘Brahmagola’, 
a term first introduced m Sanskrit literature by the famous 
mathematician astronomer, Bhaskaracharya This name 
would, of course, give the universe a definitely sphencal 
form Fimtude for space is likewise assumed in Hindu 
mythology, which statesthatthe umversehaseightoutposts 
guarded by Ashtagajas or eight elephants and each of these 
quarters is ruled by a Ldkapala or regent appointed by 
Brahma 

There are various theories given about creation m 
the different Hindu sacred books The RigV6da Samhita, 
describing the order of creation, states that Sat which 
may be defined as Reality, Entity or Existence, was first 
created , next came the directions or cardinal points of the 
compass, then came the Earth, which was followed hy Addi 
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(srf^), meaning the ^ boundless heaven, or according 
to some authorities, the visible infinite or the endless expanse 
‘beyond the earth, beyond the clouds, beyond the slcy A 
more intelligible and connected theory was later on evolved 
by the sage Vyasa out of the rather abstruse and outwardly 
inconsistent theories on the subject given in different places 
in the Vedas (Upanishads). He explains in his Brahma- 
sutras that the first thing to be created was Akasha (Ether 
or Space), which was followed in their due order by Vayu 
(Air), Agni or Tej (Fire or Light), and lastly the Earth 
(which would include its Water). This theory is descri- 
bed by Vyasa himself as the ‘ Panchabhautika Srishti ’, a 
universe made up of the five elements, and it is stated that 
it was adopted by ancient as well as mediaeval Hindu 
savants. VySsa and other sages of ancient India were the 
first to enunciate to the world the principle of evolution. 
Our ancients had grasped the central ideas of Natural 
Science, and by doing considerable pioneering work, had 
paved the way for the moderns. They had made so much 
progress as to have evolved theories about the birth and age 
of the world, and the conservation, transformation and 
dissipation of energy. They did all this chiefly by the 
deductive method, and they also did observe and experiment 
Our ancients also saw that there was one life pervading 
the whole of creation, and concluded that life was created 
and sustained by one Supreme Power. 

The conception that all matter is built up of very 
minute, indivisible particles or atoms is said to have ori- 
ginated, so far as the West is concerned, with the Greek 
philosopher Leucippus who lived somewhere about 450 
B.C., but the atomic theory in Ancient Greece was actuall}’^ 
given shape and promulgated by his disciple, Democritus, 
though it was formulated on a scientific basis for the first 
time in 1808 by the British physicist, Dalton. Attempts in 
ancient times at an explanation of the material world 
took the form of the hypothesis that all matter is consti- 
tuted of infinitesimal particles. 

In India the oldest traces to be found of the atomic 
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theory are those contained in the Upanishads (date bet- 
ween 800 and 500 B.C. ), whose total number is put down 
as 108. The NarSyanSpanishad conveys some idea of the 
minuteness of the atom in its following description of the 
size of Atman ( Self ) : — 

1 ( An6tanlyan mahatSmahlyaa ) 

which means ‘ Minuter than the minutest particle and 
bigger than the biggest (thing).’ Later authors began to 
use without distinction either the one or the other of the 
terms srg ( anu ) and qwig { paramanu— absolutely small 
particle) to denote the atom.*For example, the former term 
appears in such works as the Bhagavadgita, Manusmriti, 
Bhartrihari’s ‘Three Shatakas’ and the Panehatantra, 
and the latter term in Raghuvamsha and Tarkakattmudl 
Along with paramanu a few more synonymous terms came 
into use from time to time, 0 ^., ?nnT (matra), m (kana) 
and IrfT (I^sha). The atomic theory was called 
(anuvada) and was defined as the doctrine that all mate- 
rial substances are primarily atoms and secondarily aggre- 
gates and that all atoms are eternal. Paramanus are 
described as spherical in shape parimandalya). 

‘Anu’ in ancient works is made applicable not only to 
matter, but also to time. Thus an anu or atom of time 
represents l/54675000th of a muhurta (48 minutes), which 
works out to about l/19000th of a second. A fuller expla- 
nation of the sense in which the anu or atom was under- 
stood and applied in ancient times will be found in the 
Encyclopaedia of Religion and Ethics by Dr. James Hastings 
and in Indian Philosophy ( Part U ) by Sir S. Radhakrishnan 
It is to the latter source that the present writer owes 
much of his information on the subject. 

The Upanishads generally looked upon all material sub- 
stances as composed of the four elements, viz, earth, 
water, light and air. Akasha (ether) is excluded owing to 
its peculiar nature and the fact that it does not enter into 
combination with the other elements. As Radhakrishnan 
explains it * 
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‘ The four elements of light, water, air and earth are them- 
selves changeable and divisible, while the real is regarded as 
unchangeable and eternal. The question naturally arises as to 
what the unchangeable, indivisible, eternal particles are. In the 
ferment of thought which produced the great systems of Jainism 
and Buddhism, there were some who held the atomic hypothesis, 
for e-tample, Ajivakas and the Jainas. Kanada formulated the 
theory purely on metaphysical grounds and tried through it to 
simplify the world of thought 

‘All things consisting of parts originate from the parts with which 
they are connected by the relation of inherence, conjunction 
co-operating. The things that we experience are all products, 
i. e., discrete or made up of parts. They are therefore non-eternal. 
Non-eternal has no meaning apart from eternal. Earth, water, 
fire and air are both eternal and non-eternal, while akasha is 
eternal only. The compounds which are produced are 
non-eternal, while the component particles which are not pro- 
duced are eternal. The invisible eternal atoms are incapable 
of division into parts. The atom marks the limit of division. 
If it is endlessly divisible into parts, then all material things 
would be the products of an equally endless number of consti- 
tuent parts, so that differences in the dimensions of things 
cannot be accounted for. If matter w'ere infinitely divisible, then 
we should have to reduce it to nothing, and admit the paradoxical 
position that magnitudes are built up of what has no magnitude, 

bodies out of the bodiless 

It is assumed that there are four classes of paramanus, answering 
to the four great classes of material objects, earth, water, light 
and air. These four classes of paramanus are said to produce 
the four senses of touch, taste, sight and smelt, and this is why 
each special sense reveals a single quality, however excited. 
Though the qualities of earthly things, as colour, taste, smell 
and tangibility, vanish on the destruction of the thing itself, 
they are always found in their respective atoms, though in earth 
and atoms of earth some qualities are produced by heat (pakaja). 
Water, light and air do not suffer a similar change ..... 

‘The atoms are naturally passive, and their movement is due 
to e.xternal impact 
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‘ The qualities of all products ate due to the atoms o{ •which 
they are composed These atoms possess the five general 
qualities of all substances, as also ttosa of prionty and postcno 
rity In addition to these, earth has the special quality o! 
odour and the other qualities of taste, colour, touch or tempera 
ture, heaviness, velocity and fluidity Water has the special 
quality of viscosity and the other qualities of earth e-rcept sra“U 
Light has the usual seven, and temperature, colour, fluidity, 
and velocity, while air has only touch and velocity m addition 
to the seven common qualities These qualities are eternal 

in the atoms, but transient m the products 

* In Greece as well as in India, the hypothesis (atomic) was put 
forward as a metaphysical one and not a scientific principle. ’ 

The atomic theory forms an integral part of the 
Vaishfishika system of philosophy, a system to which 
Hadhaknshnan assigns a date between the 6th and 5th 
centuries B C , t e , about the tune of Buddha and Mahavira 
It IS chiefly a system m which both physics and metaphysics 
are combined, but its standpoint is more of a scientific than 
of a speculative character The first exponent of the 
Vaisheshika m a systematic manner was the great philo 
sopher Kanada, a mckname which etymologically means 
* eater of atoms ’ i 

According to the Puranas, in the Svayambhu or first 
penod of creation, there were two types of matter— 
Elements and Compounds— called Sarga (primary matter) 
and Praiisarga ( secondary or continued creation 
out of primary matter), and in the latter again 
creation progressed in the following order — (1) Minerals 
(maw Dhatavah), (2) Plants, described as Urdhwa ShrStas 
organisms whose stream of life or current of 
nutnment tends upward , (3) Animals, called Tiryak Shro 
tas creatures whose stream of life or channel 

for conveying food tends transversely or obliquely, and (4) 
Men, described as Arvak Shrotas beings in 

whom the current of nutriment tends downward Inter 
preted in terms*of geologic chronology, the inanimate 
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creation represented by Minerals will have commenced in 
the Azoic Age, Plants and Animals begun to form in the 
Palaeozoic or Primary Era, continuing higher and higher in 
the scale of organization in the Mesozoic ( Secondary ) and 
Cainozoic (Tertiary) Epochs, and Man come into existence 
in the Post-Tertiary period. So the Puranic order of crea- 
tion on the earth is in general accord with the modern theory 
of evolution. 

According to the Puranic computation of the length 
of geologic time, the age of the earth at the date the 
PurSnas were written was 1,960,853,034 or very nearly 
2 billion years, a value which, it is interesting to note, is as 
good as identical with the estimate of present-day geologists. 

Now a few words about the geography and cosmo- 
graphy of the ancient Hindus. 

The Puranas ( date behveen 400 and 800 A. D. ) contain 
divergent descriptions of the geographical divisions of our 
globe, the most important being the one given by the sage 
Parashara in the Vishnu Purana, the 3rd of the 18 Puranas. 
According to it, the earth's surface is divided into Sapta- 
dvipas or seven island continents and Saptamahasagaras 
or seven great oceans. The continents are Jambu, Plaksha, 
Shalmali, Kusha, Krauncha, Shaka and Pushkara, each 
being separated from the next by an ocean. The oceans 
are named Ksharasamudra, Ikshurasoda, Surasamudra, 
Ghritoda, Kshirasamudra, Dadhimandoda and Shuddhoda— 
seas of salt water, sugarcane juice or syrup, spirituous 
liquor, ghee or clarified butter, milk, curds, and fresh 
or sweet water respectively. Jambudvipa lies in the centre 
of all these. And according to Hindu theogony, in the 
centre of this continent, towering thousands of yojanas 
( a yojana being equal to about 5 English miles ) into the 
skies, is the golden mountain Meru, the Olympus of the 
Hindu gods. It is like the seed-cup of a lotus and is the 
navel of the earth, and on different peaks of this mountain 
reside the gods. Six boundary mountains, each of fabulous 
size and height, surround the earth. ThS earth’s surface is 
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thus presented as a senes of concentnc circles of land 
^and water 

*A mythical mountain named Loksloka girdles the 
globe It rises beyond the ocean of fresh water which 
surrounds the last of the continents, to the earthward side 
of this mountain there is light, but on the opposite side 
reigns utter darkness Lokaloka thus divides the visible 
world from the regions of darkness ' Thus is it said m 
‘ Raghuvamsha’, ‘ Shishupalavadha ' and ‘Mahavlrachanta’ 
Here may be quoted a definition of the finitude of the 
earth m terms of modern scientific thought ‘ The surface 
of the earth’, says Lodge, ‘ has no boundary, no watery 
edge over which a navigator might sail And yet, the 
earth is finite in extent and of easily calculable area ’ The 
earth has thus no brink an)fwhere from which a curious 
globe-trotter could indulge m the luxury of gazing into an 
unfathomable abyss beyond * 

Most of the seven continents named above cannot now 
be definitely identified for several reasons Says Sarda m 
t^s connection — 

* Owing to the destractjoa of the greater part of Sanskrit Iitera 
ture (by acts of vandahsm by mvad-rs), it is impossible now to 
interpret correctly these geographical facts, not only because 
these are only the fr^pnentary remains of geography inextricably 
mixed up with Pnranic mythology and theology, but to a great 
extent because many of these ancient Dvipas and countries have 
been so materially altered m conseqnence of the cataclysm 
called the Deluge, as to have become impossible of identification 
now ’ 

But notwithstanding these difficulties, efforts have been 
by to juece together 

these remnants and identify the various land and water 
divisions of the globe as known in modem geography In 
' Bharatavarshlya Prachina ChantrakSsha,’ a very recent 
work m the Marathi language by Vidyanidhi Siddh^shwar 
Shastn Chitrava, the author gives the conclusions arrived 
at by him on the Basis of geographical theones or hypothe- 
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ses said to have been put forward by geologists based on 
the changes which the earth’s surface has undergone from 
age to age. He also gives side by side the conclusions of 
other well-known scholars like Mr. V. K. Rajwade, which, 
however, in most cases materially differ from the author’s. 
He annexes a detailed map showing the various land and 
water regions that made up the earth’s surface in the age 
to which the Puranas refer. It is not possible to say 
without a careful and critical study how far his conclusions 
are acceptable. Space forbids us from gi\'ing all the 
details, but we may give a few of those relating to the con- 
tinent to which India belonged. 

Jambudvipa is made up of India, Afgham’stan, 
Eastern Persia, Siberia, and China excluding the sandy 
regions of Mongolia, and is surrounded by Ksharasamudra, 
which is made up of the Indian Ocean, Persian Gulf, the 
Caspian Sea, part of the Arctic Ocean, and parts of the 
present land regions in between the last three bodies of 
water which formerly lay under the sea. 

The countries composing Jambudvipa were Ilavratta 
(near Pamir Plateau ), Ketumala{ Northern Iran, Turkestan, 
Afghanistan and Baluchistan) , Bhadrashva ( Mongolia, 
Manchuria and the Chinese district of Zungaria ) , Kimpu- 
rusha (Tibet), Bharata ( India ), Harivarsha (Siam, Burma 
and China), Kuru ( Siberia ), Hiranmaya ( southern parts of 
Russia like Trans-Caucasia) and Ramyaka (Russian 
Central Asia). This continent has nine important mountains: 
GandhaMadana (Elburz), Meru (Pamir), Shyeta (Tien- 
Shan), Ramanaka (Altai), Hiranyaka ( Yablonoi), Shnng^ 
vata ( Stanovoi ), Hemakuta ( Kuen-Lun ), Himalaya, and 
Nishadha (which includes Patkoi Hills, east of Assana, 
Lushai Hills in southern Assam; and Arakan Mountains m 
Burma). 

India or Bharatavarsha, according to another authority, 
contains seven important mountain ranges : Mahencka (in 
Orissa), Malaya (southern portion of Western Ghats), b^ya 
(Sahyadris, the northern portion of Western Ghats), Shak- 
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hmsii, GandhamSdana, Vindhya (Northern Vmdhyas) and 
Panyatra (Western Vmdhyas), and the following seven 
nvers — 

(1) Shftnabhadra 

(2) Smdhu — Indus 

(3) Hiranyavaha — a name which jo Its etymological sense, means 

beanng or cariyiog gold or salver It Is identified 
with the nvcrSone a tributary of the Ganges, uhJch 
rises on the plateau of Aaarakaotak or Ccndwano 
in Central Provinces and faUs Into the main nver 
below Patahputra near the modem oty of Patna. 

(4) KSka 

(5) Gbarghara — Ganges 

(6) l/Gbita*— firahroaputra 
Shatadru — Sutlej 

It IS difficult to identify definitely tv.o of the mountain 
ranges and two of the nvers 

There are different theonesaboutthelocationoftheHoly 
Mountain MSru Farashara, as above stated, says that it 
stands in the heart of Jambudvipa A second theory is 
that M^ru consists of the highlands of Tartary immediately 
north of the Himalayas, meaning no doubt the plateaux of 
Tibet and Pamir Meru, according to Bhaskaracharya, is 
the abode of the gods Brahma, Vishnu and Shiva But on 
the whole there is unanimity in attributing to it fabulous 
Size and height One authority describes it as a 
mythical mountain said to consist of gold and gems 
and around which the planets revolve Among the 
innumerable names of the god Shiva are Merudhaman and 
Kailasanath The former tneaiis ‘He whose abode is 
M6ru’, and the latter 'Lord of Kailas’. In ‘M^ghaduta’ 
and ‘Raghuvamsha^ ICahdasa describes Kailas as a peat 
of the Himalayas and residence of the gods Shiva and 
Kub&ra The fact that M6ru m some works and Kailas m 
•others are repr^ented as the abode of Shiva, and that the 
sacred Manasarovar, one of the lakes from which it is said 
the gods drink, lies m the viamty of the Holy Mount of 
Kailas, has led some Western writers to conclude that the | 
two mountains are identical Tilak expounds the view 
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that M6ru is the terrestrial North Pole of the Hindu astro- 
nomers, and in support of it quotes, among other authori- 
ties, a line from Surya-Siddhanta which means:— ‘At Meru 
the gods behold the sun after only a single rising during the 
half of his revolution beginning with the zodiacal constella- 
tion Aries.’ He adds that the description of Meru given in 
Vanapar\’a of the I^Tahabharata leaves no doubt that this 
Holj" Peak is the North Pole or at any rate possesses polar 
characteristics. 

The universe consists of three main worlds : Heaven, 
Earth and Hell, but according to fuller classification, the 
number of worlds is fourteen : seven upper and seven lower. 
The upper worlds, ascending one above the other, are 

(1) Bhurloka — The Earth 

(2) Bhuvarloka — The Region between the Earth and the San, which 

would include the whole Atmosphere, the Moon 
and the planets Venus and Mercury. 

(3) Svarloka — The Hearen of the god Lndra, and temporary 

residence of the virtuous after death, being the 
region between the Sun and the Pole Star (Dhruva), 
which would include in it the superior planets and 
a number of stars. 

(4) Maharioka — Tkt World and Luslre 

(5) Janarioka — The Heaven of the Deified hlortals and residence of 

the sons of Brahma. 

(6) TaparlSka — The Heaven of those holy sages who have attained 

the nature and qualities of the gods by austere de- 
votion. 

(7} Satyaloka or Brahmaloka — The Heaven of the god Bra hm a. 

Different definitions of these worlds appear in different 
works. Bhaskaracharya, for example, in ‘ Bhuvanakosha’, 
defines Bburloka and Bhuvarloka as the two halves of the 
earth, its southern and northern hemispheres respectively, 
and Svarloka as none other than the Holy Mountain Meru, 

‘ the abode of the gods Brahma, Vishnu and Mahesh We 
have however given preference where possible to only those 
definitions of these worlds which would be intelligible from 
the astronomical point of view. The light of the sun iUu- 
mines Bburloka, Bhuvarloka and parts of«varl6ka and does 
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not travel beyond. MaharlSka, the World of Light and 
Lustre, would’indeed be a glorious and fitting name for that 
vast region of the heavens which is illuminated by such 
titanic ‘lighthouses in the oceansof space’ asMagha.Rohini, 
PurvSbhadrapada and Ardra (Regulus, Aldebaran, Scheat 
with Markab, and Betelgeuse respectively), but we have no 
sufficient data for so grand an inference or assumption. 
The remaining three worlds rise one above the other 
between the outer boundary of Maharloka and the vault of 
the universe, Satyaloka or Brahmaloka being the last and 
uppermost. It is said that‘‘Y6gis, Tapasvis and Sanyasis go 
to Maharloka, Janarlfika, Taparldka and Satyaloka accord- 
ing to their merit. 

The seven nether worlds are Atala, Vitala, Sutala, 
Rasatala, Talatala, Mahatala and Patala, descending from 
the earth one below the other, and are inhabited by Dana- 
vas (demons). Patala, the last of these, is peopled by 
Nagas or serpent-demons, but the Vishnu Parana gives a 
graphic description of the beauty and attractions of this 
world. The same work says that, above all these fourteen 
worlds which make up the universe, lies Vaikuntha, the 
abode or Heaven of Vishnu, though Bhaskaracharya is 
content to locate it on the Holy Mount of M6ru. It is stated 
that even the gods cannot describe the splendour and glo- 
ries of Vaikuntha. Vaikuntha is however separated from 
our universe by the Viraja river, which is said to be 10 
crore yojanas, (equal to 500 million English miles) in length 
and 1 crore yojanas ( 50 million miles ) in breadth. 50 crore 
yojanas ( 2i billion miles ) above Vaikuntha, again, lies the 
last and highest Svarga or Heaven, the G016ka— the Hindu 
Empyrean— which too is a world of indescribable splendour. 

A few words about the Vedic universe. The question 
has often been asked where the V^dic divinities dwelt. 
They must have had a universe in which they lived 
and moved and had their being. Several hymns in the Rig- 
Vdda mention this universe as Earth, Sky and Heaven. In 
his work, The 'yedic Gods— As Figures of Biology, DnV. G. 
R616 deal? ej^haustively with thjs subject froin a scientifiQ 
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Standpoint. ' The Vddic world he says, ‘ is elongated the 
two halves being placed side by side to run a parallel course. 
The two bowls of Heaven are perched on the earth as on a 
pole, and there is cleavage in the heavens. The Antariksha 
(sky) is filled with water and has mountains and streams 
in it,’ In other words, the Vddic universe consists of two 
halves rising vertically and parallel to each other, each half 
hawng its earthly, aerial and heavenly regions, and each 
region in the one half being united with a similar region in 
the other half. The universe thus presented would be 
somewhat like a pair of scissors standing on its apex. As 
the author describes it, it is fashioned like a tree. Varuna,- 
the god of waters, is said to hold its stem on the unsupport- 
ed region, and its roots are high above in the heaven. The 
V^dic universe would thus be different from the external 
universe known to us. Rdld gives a physiological expla- 
nation of this seeming difference. He propounds the 
view that the Vedic deities have an anatomical origin and 
are personified in the various parts of the human nervous 
system, quoting in support of it Susruta’s theory that the 
Vedic gods have their permanent abode in the human body. 
He thus identifies the Universe of the Vddas { the Rig-V6da) 
with the nervous system of man, the Earth representing 
the spinal cord, the Vddic heaven the brain, the Antariksha 
the point where these two meet, and it is in this universe 
that the Vddic divinities reside. He explains, on the biolo- 
gical hypothesis, the strange appearances of these gods. He 
also interprets the various legends associated with them 
with the help of physiological and embryological data, but 
a proper and fuller understanding of the whole subject^ is 
possible only by a perusal of the book itself. The theories 
he advances in it afford food for thought and material for 
further research by Vddic scholars, particularly those who 
are fairly conversant with the sciences of embryology, 
human physiology and anatomy. 

There are still among us people, whose number is however 
decreasing, who are given to indiscriminate adulation of our 
ancient institutions and blind adniiration^f everything m 
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our ancient culture. Side by side there is a tendency 
among many of us to look upon our cosmogonical tradi- 
tions in a light-hearted spirit or even to disbelieve them 
totally. This attitude is due to the fact that many of 
these traditions have been so diversely interpreted by 
different authors or commentators that the key to their 
interpretation has been lost, and to many of us they are 
like a tangled web practically impossible to unweave. 
Here may be quoted an illuminating remark about these 
traditions made by so cautious a scientific authority as 
Sir Charles Lyell, who says in his Elements of Geology 
‘We can by no means look upon them as a pure effort of the 
unassisted imagination, or believe them to have been com- 
posed without regard to opinions and theories founded on 
the observation of Nature.* In his book, Is India Civilized?, 
Sir John Woodroffe remarks that the theory of man’s evo- 
lution held by the ancient Hindus was not, like the modem 
doctrine, based entirely on observation and a scientific 
inquiry into fact, but was rather (as in some other matters), 
an act of brilliant intuition in which observation may also 
have had some part. In the light of these two remarks, it 
is possible to understand, to some extent at least, the bases 
on which the cosmogonical notions of the ancient Hindus 
were founded. 

Sir Oliver Lodge, it is of interest to note, says that 
the earth may be expected to have an end, ‘though what 
the end may be we have at present no idea.’ From some of 
the astronomical chapters of this book it will have been 
noticed that, according to modem scientists, the earth— 
or rather life on it— may come to an end as a result of any 
one of the following catastrophes 

Vi'; Co’iYision Yne eaTfa mYh nudeos tfi 
diDg to Greg<ay. 

(2) Collision of the earth with an asteroid, according to Jeans 

and Gregory, 

(3) The gradual extinction of the sun owing to its contint^iy 

losing mass at a tremendous rate, reference to which 

, , js’made at the end of Chapter XIL 
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In the last case life would of course have been blotted 
out of the earth billions of years before the annihilation of 
the sun, on account of the quantity of solar radiation avail- 
able to the earth at a certain stage becoming absolutely 
insufficient to sustain life. Peering into that abysmal 
future, what would be the fate of this lifeless earth when 
the sun is gone ? Long before the entire destruction of the 
sun its mass would have shrunk to such an extent that 
all the planets and planetoids would break away from its 
gravitational pull, so that the whole population of the 
solar system — the satellites accompanying the parent 
bodies— -would dash out into space, careering along with 
the comets as so many road-hogs of the universe ! These 
frozen ex-members of the solar system would then be 
lighted only by the stars and enveloped in perpetual night. 
It would take millions of years for the complete disintegra- 
tion and annihilation of the earth itself owing to the great 
density of its material, but once the earth becomes a dere- 
lict, life cannot reappear on it. 

But the end of the sun or of its family does not mean 
the end of the universe, nor even of that astronomical 
universe, our own galaxy, of which the sun is a member. 
The end of the universe, explains Jeans, will come when every 
atom capable of annihilation has been annihilated and its 
energy transformed into heat-energy wandering for ever 
round space and when all the weight of any kind whatever 
which is capable of being transformed into radiation has 
beeen so transformed. This means that a time will come 
when nowhere in space or the universe will exist anything 
in a solid, liquid or gaseous state, for even the atoms will 
have broken up and the universe become one vast ocean 
of radiation distributed equally and at a uniform tempera- 
ture. As it is believed that matter can never re-form itself 
from radiation, the universe then becomes a featureless, 
matterless and virtually empty and weightless ocean of 
space, and time in the ordinary sense disappears into eter- 
nity, a changeless eternity except possibly for the conti- 
nued expansion of space, for, as Eddington explains, radia- 
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tion will become thinner and thinner, passing into larger 
and longer wave-lengths. *So the end of the universe’, 
remarks the physicist Dr. R. L. Waterfield, ‘ will be much 
like the beginning — a timeless, unchanging eternity. 
But whereas the first eternity is a homogeneous chaos of 
gas, the last eternity is a homogeneous chaos of radiation. 
And since we believe radiation can never change back into 
matter, the first state is like a clock wound up waiting for 
a chance wind to set its pendulum in motion, while the 
last state is like a clock run down, waiting for the chance 
that can never come to wind it up again. ’ 

In juxtaposition with these conceptions of modern 
science as to the ultimate fate of the earth and the 
whole universe, may be placed the ancient Hindu theory 
of ‘ MahSpralaya ’ or * Brahmapralaya ’ — the Great 
Dissolution or Destruction of all Creation — which is said 
to occur at the end of Brahma’s life period amounting 
to 100 Brahman or divine years. According to Atbarva* 
V6da, a Brahma Din, a day of Brahma, is equal to 4,320 
million mortal years. If to this is added a like value 
representing the term of a Brahma Ratri or rught of 
Brahma, we find that a full twenty-four-hour day of Brahma 
or Kalpa as it is called, is equal to 8,640 million years. The 
life period of Brahma, lOQ divine years, called a Mahakalpa, 
will thus amount to 315,360,000,000,000 or a little over 
315 trillion mortal years. This then will represent the full 
span of life of the universe. About the present age of the 
universe, modern science in trying to give us an idea places 
before us values selection from which is very difficult. At 
the end of Chapter XX have been given two estimates, one 
coming from an all-round scientist of world-wide distinc- 
tion, and the other, probably the latest, from a scientist 
who may not be so well known. But these estimates 
of 200 trillion and 3 billion years respectively are as poles 
asunder. 

. According to the Hindu Scriptures, there are two major 
Pralayas or dis'^olutions : (1) Naimittika, occasional or 
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inddental destruction of all creation, of all that lives 
and has a form, but not of the substance. The substance 
remains in statu quo till the new dawn in that night (Brahma 
Ratri ). The universe is thus alternately created from and 
dissolved into its material cause at the end of every Brahma 
Ratri and Brahma Din. The Vaishdshika philosophy calls 
this intermediate destruction Avantara-Pralaya, ‘avSntara’ 
in Sanskrit meaning 'secondary’. (2) Prakritiika or 
MahSpralaya, the Great or Universal Dissolution, which 
occurs at the end of the life period of Brahma. At the 
Mahapralaya all the worlds with their inhabitants as 
well as the gods will be annihilated. So then life is 
re-created in the various worlds out of the substance of the 
universe at the end of each Naimittika Pralaya and 
finally disappears at the Mahapralaya. In this final 
Pralaya everything in the universe, material as well as 
immaterial, is resolved into the atoms, and as the Vaishe- 
shika says, the atoms then subsist without producing any 
effects and remain isolated and inert. Even the gods 
Brahma and Shiva are not spared, for like the rest of 
creation they are created out of matter and must dissolve 
with matter. Tennyson so appropriately remarks:— 

' If all be atoms, how then should the gods 
Being atomic not be dissoluble. 

Not follow the great law ? ’ 

To what extent there may be bases for the Hindu theory 
and for the seemingly arbitrary periods fixed by our 
ancients for these possible Pralayas, we are not in a posi- 
tion to say. Average mortals like us can only indulge in 
mathematical diversions by taking the ancient Hindu 
theories with modem Western ones where convem'ent! 
Accordingly, in the light of the theory that this universe 
will some day come to an end as the result of a Mahapralaya, 
or a ‘ heat-death ’ according to Jeans, or the ‘bursting’ of 
an expanding space like a soap-bubble, a possibility vaguely 
or hesitatingly hinted by Abbd Lemaitre, or like a toy 
balloon to borrow Eddington’s simle, we venture to present 
such of our readers as may believe the ^theory of space- 
49 
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expansion as well as that of MahSpralaya, with a problem 
perhaps more fantastic than any that can be found or 
conceived m the whole range of mathematics - 

* If the universe is now 3 billion years old, if its span of life is 
315 36 trillion years, if space doubles its diameter every 
1,400 million years and if the pre^nt radios of the ntuvetsa is 
70 sextiUion milea, what should this radius be at the Maha 
pralaya ? ’ 


There is no harm in attempting the answer' This is a 
Simple sum m Geometrical Progression We find that the 
balance of life which the universe has still to run is 
315 36 tnUion minus 3 billion years=315,357 billion years 
The common ratio is 2 The first term is 70 sextillion, and 


the number of terms m the whole senes is 


515357 biUion 
1400 milljoQ 


= 225,255 nearly Applying the relative formula, we find 
that the last term of the senes, m other words, the radius of 
the universe at the Mahapralaya, will be 70 sextillion x 2””” 
or countless decillions of miles ' 


The Pamgala Upanishad tells us that, at the Final Dis- 
solution, the Brahmanda or primal universe and its effects 
the worlds are drawn m into their cause, the subtle organs 
of sense and action and the four internal organs mixed 
together, and all things composed of the elements are 
resolved into their primal elements The Earth is resolved 
and drawn in into Water, Water into Fire, Fire into Air, 
Air into Ether, Ether into Egoism (Ahankara), Egoism 
into Mahal (Secular Reason or Intellect), Mahal into 
Avyakta (Praknti, the pnmary germ of Nature or produc 
tive principle out of which all the phenomena of the 
matenal universe are developed ), and lastly Avydkla into 
Puruska (the Supreme Spirit) Like Space and Matter, 
Time also is swallowed up m Him, and the Supreme Being 
becomes then the Eternal, Universal and Unconditioned 
Time The Anadi Vaikuntha, the Heaven of Vishnu which 
has no beginmng, with its souls enjoying JivanmukU 
(Living Freedom)*, and even the gods Brahma, Vishnu and 
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from the vehicls of T^IayS (Illusion), 

Ishw^, emancipat^ th p ^tman (Supreme 

sr.s’iX=»-“-sr«it 

the ui^vers^ that ^ J ^ereinto it dissolves again, 
the Lord Himself. 



ADDENDA & CORRIGENDA 

Chapter II, Item 19, pages 39-40 

In the Note under this item appears the remark that, in the 
opinion of American engineers, it is possible to construct a steel 
sphere which can go down, with divers inside, to even half a mile 
beneath the ocean surface. 

It is now reported in the New York Times and the Chicago 
Daily Tribune that Beebe and Barton quite recently succeeded in 
penetrating to this record depth in a steel bathysphere 4 ft, 6 in. in 
diameter and li inches thick, provided with three protruding port- 
holes of fused quartz panes 8 inches in diameter and 3 inches thick. 
Attached to the sphere was a powerful searchlight. The descent 
was made from a ship 10 miles off the coast of Nonsuch Island in 
the Bermuda group. As they descended into the watery abyss, 
they broadcast their sensations and a graphic description of the 
undersea life they saw to thousands of radio listeners in America. 
They also took motion pictures at the bottom of the descent. The 
pressure here was 80 atmospheres or over half a ton to the square 
inch. Beebe once remarked that, if such a pressure were loosened 
for the fraction of a second on a human being, he would be reduced 
to amorphous tissue I 

At this great depth the explorers found themselves in a ‘ cold, 
green, dimly lighted world’. The spectroscope registered zero 
sunlight, but they could see from time to time without using the 
searchlight owing to the m 3 T:iads of luminous fishes that flashed past 
them ! These fishes illuminated the waters with varied tints of 
pale green or pale blue. At one moment the sea became as bla^ 
as Hades ’, and at the next the scientists were in the midst of a 
brilliant iridescence’. They closely observed the strange varieties 
of fish around them as they came within the range of the search- 
light beams. In his radio message', to the New York Times, 
Beebe announced that the scientific results of the descent were most 
satisfactory. 


359 
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ADDENDA & CORRIGENDA 

Chapter llli Item 49, page 93 

Subsequent investigation diows that the title of Vannan adopted 
by the Hindu rulers of Borneo was not confined to the Pallavas of 
Southern India. It was also assumed by the Sailfendra kings of 
Shrl Vijaya, who themselves might have adopted it from the 
Princes of Kashmir some of whom bore that title. 

Chapter VII, Item 5, page 206 
The date on which Capt. Uwins set up the aeroplane altitode* 
record was the 16th of September 1932. 

Chapter VIH, Item 3, page 213 
Id an artide in the Times (London) of 8th October 1932, 
Di. Piccard gives the highest altitude reached by him h bis second 
ascent as 33,672 £ti ( 10 miles 1 (or. 71 yds. ). 
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Acheruar ( star )- sec Eridam, 

Alpha 

Aconcagua, Mt., 144, 183 
‘Aerial Train’, 83 _ 

Aeroplane kept stationary lu mid- 
air, 131-132 

Agastya (star)— sec Canopus 
Air, Weight of, 209-210 
Air Gases : Points of Liquefaction 
& Solidification, 295, 296, 
Albatross (Giant Sea-bird), 
152-153 

Alcyone (star), 322 
Aldebaran (star), 316, 325, 366 

Algenib (star), 317.366 
Algol (star), 318-319, 325,367 
Alphecca (star), 317 
Alpheratz (star), 317. 367 
Altair (star), 313, 325, 36 
Altitude Flight Outfit, 205-206 

Altitude or 

Limits for Animal, H 

& Vegetable Life 

Beasts (Carnivorous), 13 . 

(Herbivorous), 

Birds ( for Nests ), 140 
Forests, 117 
Insects, 143 
Man, 208-210 
Trees, 118-119 
Vegetation, 130-131 


Altitude or Elevation 
Records, World’s : 

Aerial Battle between Man and 
a Great Bird, 124-125 
Aeroplanes ( Land ), 197, 
206-207, 390 

Autogyro or Windmill ’Plane 
or Helicopter, 131 
Bacteria, 102 

Balloons (Manned), 197, 203, 
213,390 > 

Balloons (Pilot, Unmanned), 

221 

Balloons (Sounding, Unman- 
ned), 221 

Bird-flights, 82, 144, 152 
Dust-storms, 86 
Flying Boats ( Seaplanes ), 197 
Gliders (Engineless Aero- 
planes ), 82, 98 
Grasshoppers, 129 
Gun Projectiles, 220 
Hazei 94-95 

Heavy Aircraft with Passen- 
ger-load, 98-99 
Insects, 117-118, 140, 
Listening to Music by Radio, 

202 

Load-carrying ^2 

Locust Flights. 81,128 

Mountain Climbs, 

Observation _ 

Parachute Leaps, 

Photography, Aerial, 

A 
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Altitude or Elevation ! 
Records, World s (contd ) - 
Rocket ’Planes ( Tilanned ), 61 
Rocket Planes (Experimental, 
Mail carrying, Unmanned ), 
87 

Rockets ( Sounding, Unman 
ned), 195 196 
Sand storms, 86 
Sea Fog, 29 

Sounds ( Terrestrial ), 75, 82, 
86, 99, 102, 105, 139 140 
Transmission of Wireless, 213, 
215 

Amamath, Cave Shrine of, 
115 116 

Andean Volcanoes Eraptions of 
April 1932 173 175, 181 
Andromedae, Gamma (star), 318 
Antares (star), 322, 325, 327 
Anti Aircraft Devices & Weapons, 
199 202 

Anuradha (Lunar Mansion), 317 
Appleton Layer, 240 241 
Arcturus ( star ), 314,325 
Ardra ( see Betelgeuse, star ) 
Attesun Salt spring 17 
Artesian WeUs, 10 11, 12, 17, 18 
Ashllsha ( Lunar Mansion ) — see 
Hydrae, Alpha 

Ashvint ( Lunar Mansion ), 316 
Asteroids, 250, 253, 300 301, 
304 305 

„ Weights of, 305 
Atmosphere 

Constituents of the, 219 220 
‘Homogeneous’, 1^51 
Ionization of the, 189 194 


Atmosphere (confd ) — 
Weight of the, 242 
Weights of the Individual 
Constituents, 242 243 
Atmospheric Electriaty, Record 
Capture of, 135 136 
Atomic Theory in Ancient India, 
371 374 

Atoms & Molecnles, 189, 336 338 
Aurora Polaris [Boreahs &. Atts 
traits), 227 229, 231, 241, 
245 246 

Avalanches, 154-155, 156, 157 
B 

Bactena, 102 105 
Bactena ( Lqoudous types), 

103 104 

Bacteriophage, 102 103, 104 105 
Balloon Asiatic Home made, 197 
Balloons, Sounding, 213, 218 219, 
220, 221 

Barking Seal, 53 
Bellowing Turtle, 53 
Betelgeuse (star), 320, 325, 327, 
367 

Bbaraui (Lunar Mansion), 319 
Bhamta (star )— see Rigel 
Billows, Highest, 32 
Bird flights I-ong distance Re 
cords, 152 153 
* Boiling Lake , 166 
Bore Wells, 11 16 
i Brahmahndaya {see Cap“ll3, star) 
i Bride Peak, 157, 184 
I Broadcast of Scenes lo a Live 
' Volcano, 169 170 
Budha ( see Mercury ) 



I N t> feX 


393 


C 

• Cables, Submarine, 43 
Cancri, Delta (star), 319 
„ Iota (star), 319 
Cannon Shells, Velocities of, 287 
Canopus ( star ), 323, 328 
Capella (star), 314, 325, 327 
Cassiopeia, Eta ( star ), 319 
Castor ( star ), 314 
Cave-men, 8 

Centauri, Alpha ( star ), 311, 327 
„ Beta ( star ), 322, 325 
„ Proxima ( star ), 

310-311 

Chitra ( see Spica, star ) 

Clouds : 

Alto-Cumulus, 127 
Alto-Stratus, 1 17 
Cirro-Cumulus, 144 
Cirro-Stratus, 151 
Cirrus, 138-139, 194, 213 
Cumulo-Nimbus, ( Thunder 
Cloud), 86, 146 
Cumulo-Stratus, 98 
< Cumulus, 85 
Fracto-Nimbus, 69 
Nimbus ( Rain Cloud ), 81, 87 
Stratus, 75 

’Clouds, Height Measurement of, 
194-195 

Comets, 250, 252, 254, 256, 
301-304, 305 
5 , Weights of, 305 
Condor (Giant Bird), 144 
Coral, 37-38, 39, 42 
Cormorant, Diving Power of the, 
33-34 


Corona, Australis (Constellation), 
320 

„ Borealis ( Constellation ), 
317 

Cor vus ( Constellation ), 317 
Cosmic Rays, 189-194 
Cotopaxi, Eruptions of, 173 
Crocodile, Largest Species, 47 
Crucis, Alpha ( star), 321-322 
„ Beta ( star), 321 
Cygni, Alpha (star), 323, 328, 
367 

„ Beta ( star ), 318 
„ 61 (star), 313 

D 

Dead Sea, 58-60 
Dead Sea Minerals, Exploitation 
of, 59 

Delphinus (Constellation), 318 
Deneb ( star ) — see Cygni, Alpha 
Denebola ( star ), 316, 367 
Denudation, Erosion and Wea- 
thering, 97-98 

Descents into Live Craters, 
165-166, 170-171 
Dhanishta (Lunar Mansion) — see 
Delphinus 

Dhruva-nakshatra ( see Pole 
Star) 

Dhiimakdtu ( see Comets ) 
Diver’s stay under water; World’s 
Record, 36 

Diving ‘Apparatus, 33, 35-37, 
38-40 

Diving Records : 

(1) In Lakes, 38 

(2) In-thS Sea, 37, -38-39, 389 


50 
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Draconis, Alpha ( star ), 316 
Dynamite Explosion : Record 
Range of Audibility, 179 
E 

Earth : 

Age of the, 2, 352-353 
Area of the, 7 
Birth of the, 1 

Central Core of the, 21-24, 160 
Composition of the Crust, 2-6, 
21-22 

Densities in Interior, 21-22 
Elevation of X,and Surface, 66, 
69,71,72 

Heat in deeper interior, 20-21 
Phases as seen from the 
heavens, 248-250 
Pressure at the Centre, 21 
Weight of the, 27*28 
Weight of the Central Core, 
160 

Weight of the Cmst, 160 
Earth as viewed : 

(1) from a few miles' he^ht 

( description by the poet 
Kalidasa }, 204 

(2) from above the * Roof * of 

the Himalayas, 188-189 

(3) from 30 miles up, 236-238 

(4) from 1,500 miles above, 

246 

(5) from midway to the Moon, 

249-250 

‘ (6) from the Moon, 247-248 

(7) from 800,000 miles away, 

248-249 

(8) from another Planet, 251 

(9) from a Star, ^11 


Earth’s Atmosphere: Hindu & 
Arab Estimates of Height, 
231-232 

^rthqnakes, 24-27, 45 
Ecidani, Alpha (star), 316, 366 
„ Epsilon ( star ), 313 
Etna, Eruptions of, 171-172 
Everest, Mh, 159 

P 

Fall from great heights, 207-203 
Fire-fly Lamps, 52-53 
Fishes j 
Bearded, 50-51 
Coloured, 40, 50 
Deep-sea, 40, 41, 42, 43, 44, 
50-51, 52, 54 
Electric, 49 
Flying, 47-48 
Lominons, 39-40, 42, 50-52 
Mate-carrying, 51 
Self-inflating, 47 
Singing, 54 
Sound-emitting, 53-54 
Fog-bow, 275 
Foraalbaut (star), 313, 367 
Fossils, 4-5,6-7.144-146 
Q 

Ganges Water ( Gangfidalm ), 
I04-I05 

Geysers, 64, 163, 164 
Giant Fountains (Artificial), 17-18 
Glaciers, Moraines & Crevasses, 
75-81, 154, 155-156 
Glacier Lake, 128 
Glider ( Engineless Aeroplane }, 
82-84, 98 

Glider, Rocket-driven, 83 - 
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Godwin-Ansten, Mt, 159 
Golden Plover ( Bird), 153 
Gondwana Land ( ancient conti- 
nent), 145, 146 
Gopada ( star ) — see Algenib 
Grand Canyon, 96-97 
Great Bear (Constellation), 314 
Gnlf Stream, 40 
Gnm ( Brafaaspati ) — (see 
Jupiter ) 

H 

Had-storm as seen from the aix, 
95 

Hasta ( Lunar Mansion ) — see 
Corvus 

Heaviside Layer, 225-227 
Hercules, Alpha (star), 323, 323 
„ Eta (star), 314 
Highest ( most elevated ) Torvn 
in Eastern Hemisphere, 119 
Himalayan Research Institute, 
158 

Himalayas ; Hovr formed, 
144-146 

Hindn & Bnddhist Temples etc. 
in Dutch East Indies, 87-94, 
390 

Hole-men, 8 
Hoover Dam, 98 
Hot Rain, 172-173 
Hyades (Star Cluster), 319 
Hydrae, Alpha ( star), 318 

I 

Icebergs, 31-32, 33, 41, 78 
/i'ce-BUnk, 33 

Ice in Polar R^ons, Total 
Weight of the, 80-81 


; Ice Formations in Polar Seas, 
1 32-33 

, ‘ Interplanetary Societies’, 280 
; Isosiatic Eqailibrism, 6 
! 

! J 

I 

I Jongsong La, Iklt. 147, 184 
j Jupiter, 253-254, 294 
I Jwalamnkhi (Place of Pilgri- 
j mage), 72-74 
I Jydshta ( see Antares, star ) 

K 

' Kailas, Mt., 140-143 
Kamet, Mt., 146-147, 185 
Kangchenjnnga, Mt, 157, 
158-159, 186 

I Katmai, Eruption of, 166, 181 
Kilauea ( Live Volcano), 82, 
I 168-171 

< Kolar Gold Fields, 18-19 

I Krakatoa, Eruptions of, 177-181 

: Krittika (sec Pleiades) 

( 

' L 

I 

{ Lake of ‘ Liquid Fire ’ ( see 
I Kilauea) 

I Lake ‘ playing bide and seek’, 27 
Lakes above 15,000-ft elevation, 
i 129-130 

, Lammergeyer ( Giant Bird ), 144 
j Lightning, 132-138 
Locusts, 81, 128 
Lubdhaka ( star ) — see Sirius 
Luminous Plants, 52-53 
M 

I 

Magellanic Clouds, 335 
Magha (see Regulus, star) 
Manasarov^, Lake, 129-130 
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Mangala ( see Mars ) 

Markab (star), 317, 367 ‘ * 
Mars, 251-252, 253, 293-294 
Mauna Kea, Mt, 58, 119 
Maana Loa, Mt., 119,168 
McKinley, Mt, 62, 139 
Mercury ( Planet ), 252-253, 

291-293 

Meteors, Meteorites & Shooting 
Stars, 221-224, 225, 240, 297, 
368 

Milky Way (Galaxy), 333-334 
Mira (Omicron Ceti, star), 
319-320, 325, 327 
Mirages in Deserts, 65-66 
Mirages at the Poles, 85-86 
Mitra (star ) — see Centauri, Alpha 
Mont Pelle, Eraptioa of, 162*163, 
181 

Moon : 247*248. 258-262,296*299 
„ Birth of the, 258-259 
„ Eclipse of the, 261-262 
„ Sunrise as viewed from the, 
298*299 

„ Weight of the, 259 
Mount^neering Dangers, Hard- 
ships and Outfit, 153-156 
Mrigashira ( Constellation ) — 
see Orion 

Mula (Lunar Mansion), 317 
N 

Nabhassarit ( see Milky Way ) 
Nanda D6vi, Mt, 185 
Nanga Parbat, Mt, 151, 156*157 
Natur^ Bridge of Rock over 
River, 97*98 * 


Nebulae, Luminosity of, 335, 33 $ 
„ Sizes of, 333,335 

„ Weights of, 333, 335 

Neptune, 255-256, 295 
Neutron, 339-340 
*New Radio Roof ( see Appleton 
Layer) 

Noa-winged Flyii^ Animals, 
47-48 

0 

Observations, Meteorological, 
106-111, 196-197, 233-236 
Observatories, 106-111, '364*366, 
367-368 
Ocean : 

Age of the, 56 
Area of the, 7 
Bed of the, 45, 46 
Depths, 42,43,44-45,46 
Depths, Sounding of, 43 
Fauna, Largest Varieties, 
46-47, 48-49 

Fresh-water Layers in the, 55 
Oxj^en Content of the Water 
of the, 55 

Oxygenless Region in the, 39 
Plant Life in the, 42 
Pressures in the, 35 
Spectrum of the Water of the, 
39,40 

Warm-v?ater Lagoon in the, 56 
Weight of the, 56-57 
Weight of the Salts in the, 57 
Orion (Constellation), 320, 323 
Oxygen ! Use of, at high alti- 
tudes, '139, 151 
Ozone Layer, 223 
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Pamir Plateaa, 119-12 -t^ ^ 

Paraciinte Jumps, 147-151 , 

Pearl-diving, 33 R 

P^can, 34 ^ -oo ‘ ^ 

Persmis ( Constellation ), u22 jj 

Petroleum pountams, /3 ^ g 

Photo^piiy. Aerial, 193, 271 ^ 

Pigeons: How they fare at high . 

altitudes, 152 
Pilot-fish, 326 
Planet ‘ P’, 257 

Planets, Weights of the-fsc^ < 
under respective Planets J ; 

piashettCstar), 327 
Pleiades (Star Cluster). 3-2 
Pinto (New Planet), 2o6, 2o/, 

2?5-295 . , ‘ 

Polar Year. Second International, 

233-236 

Pols Star (Polaris), 31o 
Pollux (star), 314 
Prabhashaka (star)— ■ 
?,o<:,oa(stu-),3U,325,32-.32S 

Pnrvabhadrapada (sec 

and Shheat, stars ) 

Parva Phalguni (Lunar 

Sion), 316 a,ian3ioa), 

PnrvSshadha (Lunar 

Canon. Ddla-^>”> 


' Rand 'Hines, 19 

' Rasaigsfi (see Hercules, Alpha— 

; star) 

. Raytonlaens, 344 
‘ Regnlus(star). 315, 325 

; R6rafi (Lunar 'Mansion), 3iy 

Rifle Bullets, Veiodfiss or, 237 

' RigeU star), 323, 325. 323. 357 

Roluni ( see Aldelaran, star ) ^ 

‘ ‘ Roof of the World* ( see Pamur 

Plateau) 


‘Radio Roof* (ss3 Heaviside 

Layer) ' 

Rainbow, 239,274-275 

RakshasTal,Lake, 129,130 


Saint Elmo’s Fire, 135 
stands, ‘ Mnsical 65 

iaptarshi ( Constellation )- see 

Great Bear 
Satnm, 254-25o, 29^ 

Scheat (star), 321, o-5 

‘Sea of Milk’ in Atlantic, ooo5 

Searchlights, 201-202 
, Sea-snake, 47 
■ SE«OTO« £: 

, 85-85 _ 

(2) At Great Altitudes, 

203-205 

t Shani {se^ Saturn) 

. Sharks in Fresh-water Lake, ^ 

’ ' ’ a ( Lunar Mansion), 

j ! Shatabhisna 

• „ f see Altair, star ) 

. Shiavaualso.^^^’ 

Jshtfltnt (,«■;■=»«) 

’ ‘qhvokDam’, --7 

' 311 - 312 , 320 , 327 , 

! Sirius (stm), -3^ 

* 
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Sky, Colour of the, 239-240 
Sk 3 rscape m the Stratosphere, 
236.23& 

Snowline in different parts of the 
World, 143 

* Solar Space Mirror’, 283 286 
Sound emitting Mountains, 27 
Sound . Velocity m Sea-water, Ice 
and Gases, 43, 79, 139 140 
Sound Waves from Gunfire and 
similar Explosions, 232-233 
Spica ( star ), 322 
Sponge diving, 34 
Springs of Carbonic Acid Gas, 16 
Springs of Cold Compressed. Air, 
16 

Springs, Hot or Thermal ( mcla 
ding those at Triyogi Narlyao, 
Badrinlth & other places of 
pilgrimage ), 59 60, 64, 73, 
74 75, 86, 94, 99 100, 105-106, 
111 115, 163 

Springs of Invisible, Inflammable 
Gas, 72 73 

Springs, Radio active, 10, 113-114 
Stalactites & Stalagmites, 9-10, 
16, 17 ' 

Star Clusters, 330 331 
Stars : 

Arabic-named, 366-367 
Birthplace of, 331-332 
Distances of How calculated, 
309 310 

Gigantic—* Giant Suns’, 
311-312, 313, 314, 315 316, 
318-319, 320 321, 322-323, 
324,325,326, 327 
Luminosity of, 32> 


Stars {conid ) :~ 

NnmericalEstimateof,307.309 

Parallaxes of, 309 
Pressure at the Centre, 307 
Temperatnres of, 310, 328 
Twinkling of, 237 
Weights of, 327 
Stratosphere ’Plane, 216 218 
Sub artesian Wells { see Bora 
WeUs) 

Sun • 253, 263-278, 368 
„ Age of the, 278 
„ pressure at the Centre, 278 
,, Total Eclipse of the, 

267 271, 272-273 
„ Weight of the, 277-278 
Sunlight, 239, 274-275 
SvSti ( see Arctuius, star ) 

T 

Tataboro, Eruptions of, 175 177 
Telescopes, 341*344, 345 
Temperatures Attained 
Artificially. 

(1) Highest, 21 

(2) Lowest, 346 

* The Wind in a Frolic’, 118 
Thunder storms, 132,133, 137-138 
Tnshanku ( Constellation ) — see 
Crncis, Beta 
TnshuJ, Mt, 147, 184 
Tube Wells ( sec Bote WeUs ) 

U 

Ulka ( see Meteors ) 

Universe s 
Age of the, 352-353 
Nucleus of the Visible Part, 334 
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U^^'l'BRSE (coidd .) : — 

Size of the, 358 
Weight of the, 359 
Upagraha ( see Asteroids ) 

Dranns, 255, 295 

Uttharabhadrapada ( see Alpha- j 
ratz, star ) | 

Utthara Phalgoni ( see Denebola, i 
star) j 

Uttharashadha (Lanar Mansion), ! 
317 ' 

V i 

Vacnom: Lowest attainable in 
Laboratory, 246-247 . 

Van Maanen's Star, 312-313 , 

Vamna ( see Uranus ) 

V6ga(star), 314, 325, 367 
Venus, 250-251, 253, 293 
Vesuvius, Eruptions of, 162 j 
Vindhya l^Its., 146 
Vishabha or Radha ( Lunar Man- ' 
sion), 317 ! 

‘ Voice from the Sky ’ ( Akasha- ! 

vani ), 211 i 

Volcanoes, Submarine, 45-46 
Volcanoes, Water-discharging, | 
116-117, 164 ! 

Voltage: Highest produced in * 
laboratory, 136 
Vyadha (star) — see Sirius 

W 

Waterfalls : 

Cerosoli, 75 
Gersappa, 65-69 
Niagara, 63 

Waterspouts on Sea, 29-31 


Waterspout on the River 
Brahmaputra, 31 
Waves, Highest, 32 
males, 41,46,48 
Wind Velocity (Highest Record) 
6 miles above Earth, 196 
Works: Harbour, Dock and 
Bridge, 33 
World's : 

Most Appalling Volcanic 
Eruptions, 162-163, 16S, 
171-172, 173, 175-180 
Broadest Waterfall, 63 
Coldest Place, 61-62 
Deepest Artesian Well, 18 
Deepest Boring, 20 
Deepest ( and l-a^est ) Sah- 
terranean Cave, 16 
Deepest Coal-mine, 18 
Deepest Active Crater, 127 
Deepest Extinct Crater, 99 
Deepest Lake, 71-72 
Deepest Mine, 19 
Deepest Ocean Soundings, 
43, 44 

hlost Elevated Aerial Beacon, 
99 

Most Elected ‘ Bubbling 
Spring*, 111-112, 113 
Most Elevated Colony, 128 
Most Elevated Cultivation 
Area, 126 

Most Elevated Flying Field, 
117 

Most Elevated Gold-fields, 
126-127 

hlost Elevated Hot Springs, 
128 
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World’s * 

Most Elevated Lake. 130 
Most Elevated Lake navigated 
by steamers, 117 
Most Elevated Motor Road, 
128 

Most Elevated Observatory, 
111 

Most Elevated Railway 
Station, 128 

Most Elevated Railway Tonnel 
above 2 miles ta length, 
100, 101 

Most Elevated Religions 
Settlement, 127 
Most Elevated Tableland, 128 
Most Elevated Town, 1 19 
Most Elevated ( and most 
ternfic) Active Volcano, 132, 
173 

Most Elevated Extmct Volcano, 
144 

Grandest Crater, 82, 168 171 
Grandest (and most extensive) 
Subterranean Wonderland, 
17 

Highest * Earth Pillars’, 64 
Highest Icebergs, 31,41 
Highest Island Mountain, 119 
Highest Mound built by a 
Bird, 60 

Highest Mountain Front, 119 
Highest Rainfall Area, 84 
Highest Sand Dunes, 65 
Highest Suspension Bridge, 69 
Highest Waterfall, 75 
Highest White Ant Nest^ 
60 61 • 


World’s 

Hottest Regions, 62 63 
Hottest Spring, 94 
Largest Active Crater, 96, 
165 166 

Largest Extinct Crater, 96 
Largest Lake, 60 
Largest Lake ( Fresh water ), 
65 

Largest Lake (Subterranean), 
9 

Largest Natural Subterranean 
Hall, 16 

Largest Active Volcano, 119 
Lofbest Place of Pilgrimage, 
142 

Longest Railway Tunnel, lOl 
Lowest Hot Springs, 59 60 
Lowest Lake, 58 
Lowest Land, 58 
Lowest Rainfall Area, 84 
Northernmost Observatory, 236 
Passenger load Records for 
Aircraft, 98 99 
Rainless Area, 84 
Most Remarkable Subterra 
nean River, 9 
Saltiest Lake, 84 
Tallest Buildings, 69 71 
Tallest Tower, 71 
Tallest Tree, 64 
Thickest Rock salt Bed, 18 
'T'nic'ke^ValiBy GVaErws, ^ S,1S 
Unique Subterranean Health 
Resort, 10 

Wonderful Subterranean 
Natural Pillared Halls, 9 

Z 

Zodiacal Light, 273 



